Codes and

Resi debnteragy
Process
A |

and

Standards EnhancementCa(lGASDE)nilan iEtnieartgiyv eCo d ¢

Savings a
| mprovements |

teratili ons

- - B - -

NV /AN B

2 0 222FE A A | Residenti al Envel opAau/gHRERZ OF WaANtEdArS EH eReEtPIORgT |
Preparkrdormtyi er Energy,, RER®@urce Refocus
Pl ease submit comments to info@title24stakehol ders. c
This report was prepared by tBeafcdaifisesrBir
(AL'FORN'A ( CASE) Program that is funded, in part, |
ENERGY of the California Public Utilities Commis
Copyr2a@®taci fic Gas and Electric Company,
LBRL, Gas & tkliec Company, Los Angel es Depart men
A STATEWIDE UTILITY PROGRAM My nij ci pal Utility District. All rights re
and distributed without modification.
Nei t her Paci fi cCoG@gsanaynd Sklue chterrinc Cal i fornia Edi son, San Di e
Depart ment of Water d Power, Sacramento Municipal Utilit)\

an
or assumes

or i mplied; fainlyi llietgyal f dri atbbhé i aBgcoraacy,spoompl et
i nformati on, met hod, product, policy or process disclosed
priv-aweky rights including,r abduetmanrokts loirmictoepdy rtiog htpsa.t ent s, t
Pacific Gas and SOUTHERN C ‘\\IH!I(\I\' SDGE‘ LA Los AngeleS :
e Electric Company EDISON o \?Veaptg:tg'gg\tvgt @ SMUD

Energy for What's Ahead" A@’Semma Energy utiny



Document
Category:

Keywor ds:

Aut hor s:

Pri me Con

Project
Managemen

| nf or mati on
Codes and Standards

St at eGvaddees and Standards Enha;nc«
Cal i fSotrantieawti idled d ¢s and St acdded
and Standards ;EABR@nC€Camehbsni a
202121 t |, e Paégftf i6galetheryati on; addi

repl acement; cool roofs; roof
seal HWAC (Heating Ventil at;i dine a
equi pment replacement; el ectri
water heating equipment replac
duct i nsul ati on; duct sealing;
i nsulation installation (QI1);
Al ea Ger man, Bi I | Dakin, Joshu
Energy); Vrushal:i Me nd ol i( Rebefl

Mc Col lum (TRC)
Frontier Energy

Californi dtS5Cadegsvi ded St amrPdar d
Gas and Electric Company, Sout
Di egoa@BEbectri c SGocmpaanmeyn,t o Muni
Di standctLos Angel es Department

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Ta

bl e of Content s

llntroduction 27
2 Roof Replacements, Cool Roofs & I nsul3at
2. Measure De.sS.Cld Pl i QD e, 31
2. Blar Ket AN al .y S S 42
2. BN Eer gy SaNal.dld. S i 6 5
2.€ost and Cost..Ef.f.ect.i.v.enes.S .. 77
25 Fi fYetar St at ewi.de..l.mpacil. .S, 93
2. Broposed Revisions..t.o...Code..Langua.ge9?9
3El ectric Equipment Replacements 105
3. Measure Des.Colid Pl O . 105
3. RlareR AN A Y S S 111
3. BN Eer gy SaNalddi.S it 133
3.€@o0st and Cost..Ef.f.ec.t.i.M.e.Nn.e.5.S . 142
3. Bbi f¥yetar St at ewil.de..l.mpa.Cl.S ... 153
3.Broposed Revisions..t.o...Co.de...Language56
4 Duct Measures 161
4. Me asS Ul e I DDELSLLO ML ...t 161
4. Rar Ket Anal.y S S 168
4. BN Eer gV Sa.Nuldhg S it 186
4. @ost aBtdl Eff ecti. iV enesS. S 1914
4. Bi fYyetar St at ewl.de..l.mpa.Cl. .S ... 202
4. Broposed Revisions..t.o..Code...L.anguageo06
5Attic I nsulation 210
5. Measure Des.Cri.pl .0 . e, 210
5. Rar ket Anal .y .S S e 218
5. BN er gy SaNal. .S e 237
5.€@o0st and Cost..Ef.f.ec.tl.i.Ven.es. S .. 246
5. b1 f¥Yyetar St at ewl.de...l.mpa.cit.S ... 255
5.Broposed Revisions..t.o..Code..Language5s9
6 ACM Reference Manual Compliance Opti@®ms
6. Measure Des.Cald.plil QD 265
6. Rlar ket Anal.y .S S 270
6. BN er @Y I 8.0 S i 273
6. €@ost and Cost..Ef.f.ect.i.v.enes.S ... 273
6. Bi fYyetar St at ewi.de..l.mpacil. .S 273

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42

o

n



6. Broposed Revisions..t.o..Code..Language74

7Bibliography 285
Appendix A : Statewide_Savings Method®l9@8gy
Appendi x B : Embedded Electricity in Watder Me
Appendix C€C : Environment al | mpacts Met3nMddol og
Appendi x D : California Building Energy Code
Specification 317
Appendi x E | mpacts of Compliance Pr 8c€lss on
Appendi xmkharySof Stakeholder EngagemermBt39
Appendi x G : Description of Prototypes35e6
Appendix H : Additional Analysis Det ai3l6#
Appendi x | : Nominal Cost 379

List of Tables

Table 1: Scope of Code...Change..RPr.apas.al21
Tabl e XeaFi ISstat ewi de En.e.r.gy...and..l.mpac.tzs
Tabl e XedFtiatseewi de GHG Emi.s.s.i..o.n.s..l.mp.a.c.t2s5

Table 4: Summary of Existing and Proposed Coo
Sol ar Refl acmamc&h®dr mal..Emi.t.t.anc.e.)...... 31

Table 5: Except-Slonped oCadle Bade@efepRequirements |
D =T R = O T o T PPN 32

Table 6: Aged Sol ar Ref.l.ect.ance.Tr.ade.®8f Tab

Table 7: Summary of Existing and PrSlpoopseedd | ns
Roofs at Time of Roof Replacement-v@AB@&Yye Dec

Table 8: Summary of Existing Cool Roof Requir

Refl ectance/ Mi ni mum..T.h.er.mal...Emi.t.t.an..c.8)7
Tabl e 9: Summary of Reach Code Requirements f
Refl ectance/ Mini mum..T.her.ma.l.. . Emi.t.t.anc.8)9

Table 10:C€asifocnian I ndustry, Establ 49 hment
Table 11: Size of the California Res..dedti al
Table 12ni @aBufbding Designer and Energ¥ Cons
Table 13: California..Hous.i.ng..Char.acterb28tics
Tabl e 14: Di stri buti owi mtfa.cCea.l..i..f.or.ni.a..H58si ng

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Table 15an@®OwRe&rctcaurpi ed Housing Units..i.n53alifo

Thl e 16: Empl oyment in California State
I TR o T o S o T (U= PP 55

and

Table 17: Est i nmadtoepd ilomp aocft tthheatPr oposed Roof i n
have on the California Reus..dent..al..Codiwstruct

Tabl e 18: Esctti mahtaeed Aldnoppat i on of t he Proposed R

have on California..Buli.l.di.ng..l.ns.pe.ct.onb9

Table 19: Est i nadtoepd ilomp aocft tthheatPr oposed Roof i n
have on Discretionary Speun.d.i.n.g..by..Cal6ilf or ni &

Tabl eNe20:DomRes viarcveest ment and Cor.por.at.e6®Profit

Table 21: Prototype Buildings Used for Energy

Table 22: Modi fications Made to Standard
Proposed Code Chang.e..f.ar..Co.a.l...Ro0f.s..69

Tabl e 23: Modi fications Made to Standard

De s i

De si

Proposed Code Change..f.or..Ro.af..l.ns.ul.at6i9o n

Table 24: Residential Building Types an-d

Asso

Asso

ASSsoO

Ho meé

Dwel

Dwel

Sl oped Cool Roo.f...Subme.as. .Ul ... 70
Table 25: Residential Building Types and
Sl oped Cool Roo.f...Subme.as.Ul. ... 71
Tabl e 26: Residenti al Building Types and
Sl oped Roof I nsul.at..an..Submeas.ur.e...... 71
Tabl e 27S| oteade pCo 0 LY eRaaxo fE nFeirrgsyt | mp &d tng | Rer
Fami |y Al.fl el at b 0 e 72
Tabl e 28SI| oPpteade pCo 0 LY eRaao fE nFeirrgsyt | mp ac tisL oRwe r
Ri se Garden..Mul.ti.fiami.l Yo 73
Tabl e 23l:o0pedv CootlYeRoao fEnkirrgsyt | mp&ce tng | Re IFakho e
N N S = T - O S o T 74
Tabl e 39:0pedv CootlYeRao fEnFirrgsyt | mpactisL oRver
Ri se Garden..Mul.t.i.fami.l. Yo, 75

Tabl e 3Sl:0pedv Roof I-hesaurl aBneorng Wilrmga&atng |l Rer Ho

Fami |y Al e a0 e 76

Tabl e 32l:o0pedv Roof I-Yhesaurl aBEneorngyilrmpactis Per Dw

LowRi se Garden..Mul.t.if.ami.l. Y. 77

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Tabl e 33 oPpteede pCo 0| Roof 2023 PV TDV-YEmergy Co
Period of Anal $sngl eFamiome..Al.t.er.at.i.orBs

Tabl e 34SI| oPteede pCo 0 | Roof 2023 PV TDV-YEmergy Co
Period of AnalysiigoferseDwalrldiemg.Mun.it.ti.7a8mi |l vy

Tabl e 3%l:opedv Cool Roof 2023 PV TDV-YEmRergy Cos
Period of Anali sngl @eFaimiome..Al. .t .er.at.i.Br0s

Tabl e 3%l:o0pedv Cool Roof 2023 PV TDV-YEmRergy Cos
Period of AnalysiigoferseDwalrldiemg.Munit.ti.8ami | vy

Tabl e 3Y:o0pedv Roof I nsulation 2023 PV-YERBY Ener
Period of Anal $sngl @eFamiome..Al.t.er.at.i.8Bms

Tabl e 38Bl:opedv Roof I nsulation 2023 PV-YERBY Ener
Period of AnalysiigsoferseDwalrldiemg.Mun.it.ti.8ami | vy

Tabl e 39: First Cost ..Summa.r.y..f.or..Caol.&6béo0f s
Tabl e 40: First C&o&stopeudmmBanmy..flos.ul.aw.i.ohb

Tabl e 41S| oYteade pCo 0 | Roofo f R eSpulmamae.me.n.t.....C.o.s 8 6

Tabl e 42l:0pedv Cool Roof Summar.y...o0f...Re.pl8&cement
Tabl e 43S oPpteade pCo oY e aRo eEffofs#ct i veness Suimmary Pe

Single FamilL.y. .. .Al.f.er. 2t .0.0.S .., 8 8

Tabl e 44S| oPpteade pCo oY e aRo eEffofs#ct i veness Summary Pe
UniLoRi se Garden..Mul.t.i.f.ami.l.y. ... 89

Tabl e 4%l:0pedv CooYe aRo effofsdCct i veness Suimmary Pe
Single Famil.y. . Al.t.er.at. i.0n.S ., 90

Tabl e 4%l:0pedv CooYe arRo effofsdCct i veness Summary Pe
UniLoRi se Garden..Mul.t.i.f.ami.l.y. ... 91

Tabl e 49l:0pedv Roof -Yeasmwn |-Eafafsdocnt i3WVdeness Summary
iSingle Famil.uwy. . . Al.l.er.al. l.0n.S e 92

Tabl e 438Bl:opedv Roof -Yeasmwn |-Eafafseocnt i3WVleness Summary
Dwel | i ngo®niste Gar den..Mul.t.i.f.ami.l.y. ... 93

Tabl e 469 oteede pCo o | Roof Statewide Eneur94y and
Tabl e 53:0pedv Cool Roof Statewide Ener.@®@y and E

Tabl e 58l:0 pedv SRwlodt ilonn Co ol Roof Statewide Ene
I 0 8 T T o PP 96

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Tabl e 5%2earFi3tsdt ewi de GHG EnmRespliaomesmdmipact s R
S U D M @ S Ul B S e eaaae 97

Tabl e 53: Mi ni mum Efficiency for Fed.eurldaloly Co
Tabl e 54: Mi ni mum Efficiency for Fed.eurldlOoly Co
Tabl e 55: Mar ket Overview of Space He.adtli2Zng Sy
Tabl e 56: Mar ket Overview of Water He.adtlidng Sy
Table 57:C€astfocnian I ndustry, Establi shment

e 58: Size of tmBeiCdl infgord mida sR.e.g.i.daglBtSiudls e
Table 59: California Building Des..gnerll®dnd En
e 60: California..Hous.i.ng..Char.ac.t.erli29ti cs
Table 61: Di stri buti owi mtfa.cCea.l..i.f.or.ni.a..HRuUsi ng
Table 62an@®wRe&rctcaurpi ed Hou€ahgf onnta..bg2Llncome

Tabl e 63: Empl oyment in California State and
I S o = o G o T S PP 123

Table 64: Estimated I mpact that Adoption of t
Submeasures would have on the Calorf.orhi a Re:-

Table 65: Estimated I mpact that Adoption of t
Submeasures would have ocenct@alsi.f.or.ni.alBauil dir

Table 66: Estimated | mpact that Adoption of t
Submeasures woul d have naogn bDi sCcarl e tfioamazdy REpser

Tabl eNe6t7 :Do mRe 9§ tMiadvee st ment and Cor.p.o.r.at.d3Rrofit

Table 68: Prototype Buildings Used for Energy
I mMpact s An.al. Y. S S 135

Tabl e 69: Modi fications Made to Standard Desi
Proposed Code Change for Electric SplhxXée Heat

Table 70: Modifications Made to Standard Desi
Proposed Code Change for Electacemévai®r Heat

Tabl e 71: Residenti al Buil ding Types and Asso
El ectric Space He.at.i.ng..Submeas.u.r.e..... 138

Tabl e 72: Residenti al Buil ding Types and Asso
El ectric Water He.at.i.ng..Submeas.u.r.e..... 138

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Table 73: Electric SpaceYdHzrantEmgr Repll magaemtent B

Single Fami.l.y...,Al.t.er.at. .00 e, 139
Table 74: Electric SpaceYdHazrntEmgr Repll agaeamtent B
Dwel |l i ibo®mniste Gar den..Mul.t.i.f.ami.l.y...... 140
Table 75: Electric WaterYederathi mer gRye pll mptaemtesn t e
Single Fami.l.y...Al.t.er.at. .00 e, 141
Table 76: Electric WaterYederathi mer gRye pll mpaemtesn t e
UniLoRi se Garden..Mul.t.i.f.ami.l.y. ... 142
Table 77: Electric Space Heating Replacements
Over-Y88r Period of Armalnydies FRer L.K.amAdlt4e3r at i o
Table 78: Electric Space Heating Replacements
Over-Y88r Period of AnaliyLsois®i sPe rGarwked nd i Mul tUinfi
.............................................................................................................................. 144
Table 79: Electric Water Heating Replacements
Over-Y&88r Poefrifondal ysi 8SiPregl éHdofemi L.y...Alltd4e5r at i o1
Table 80: Electric Water Heating Replacements
Owr -Y30ar Period of AnaliyLsoisi sPee rGaDrweed n i Mul tUinfi
.............................................................................................................................. 146

Tabl e 81: Electric Spaceememnt .Qas.tSummardy of R
Table 82: Electric Water Heat..ng..Summar4dy of R

Table 83: Electric Spac-¥e bde aEfofadgyc tRieypd meesnedu mi
Per HioSriengl e Fami L.y...Al.t.er.at.i.0on.s. ... 150

Table 84: Electric Spac-¥e bde aEfofadgyc tRieypd meesnedu mi
Per DwellTLowi Jai Gar den..Mul.t.i.f.ami.l.y....151

Table 85: Electric Wat eYe dr afffofndgc tR evpe mecsesmediu nsr
Per HioSiengl e Fami l.y. .. .Al.t.er.at.i.0n.s. ... 152

Table 86: Electric Wat eYe dr afCfofndgc tR evpe mecsesmediu nsr
Per Dwel lLowi ¥ai Gar den..Mul.t.i.f.ami.l.y...153

Tabl e 87: El ectric Space Heating Replacements
I 0 0 8 T T o PP 154

Tabl e 88: El ectric Water Heating Replacements
I 0 0 8 T T o PP 155

Tabl e 8WearFi3tsdt ewi de GHG Emi ssions | mpacts f ¢
S U o T 4 1 ST TS U = SRR 156

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Table 90: Summary of Existing and Proposed Du
Ducts i n an..Al.t.er.al. .0 .. 162

Tabl e Otl:LdbDakage Test Results for Altered or I

ALD2 Projects .i.n..Cal.CERTS. ..., 170

Table 92Ai BysbemTest Results for Altered or E
ALD2 Projects .i.n..Cal.CERTS. ..., 171

Tabl e 93: PercemtAlotfe rNetwB diuscstusi ahi &n -0f2r om 20 1€
Projects i n.Cal.CERT.S 172

Table 94:Ccg€astfocnian I ndustr#EmpEsyabht shmaed

Table 95: Size of the California Res..dermbtial
Table 96: California Building Des..gnerl7&6nd En
Table 97: California..Hous.i.ng..Chautr.ac.t.erli7siti cs
Tabl e 98: Di stri buti owi mtfa.cCea.l..i..f.o.r.ni.a..HoWwBsi ng
Table 9%9an@®wRe&rctcaurpi ed Housing Units..i.ta78alifo

Table 100: Empoogmandt aneCahd Government Age
I TR o T o S o T U= PP 180

Table 101: Estimated |I mpact t8abmdAdosptesvsnwodl
have on the California Res..dent.i.al...Co&hxltruct

Table 102: Estimated | mpacd Duat Rudbomdd onr ed
have on Discretionary Speundi.ng..by..Cal83F orni ¢

Tabl eN@03 Do mRed tMiadvee st meat pamat € Pr.of.i.t.t585 U. S.

Table 104: Prototype Buildings Used for Energ
I mMpact s An.al. Y. S S 188

Table 105: Modi fications Made to Standard Des
Proposed Code Chang.e..f.or..Duct..Seal.l.nlg89

Table 106: Modi fications Made to Standard Des
Proposed Code Change..f.or..Duct..l.ns.ul.altd Ddn

Table 107: Resi denti al Buil ding Types and Ass
Seal i ng SUDbDmMe.a S Ul B e 190

Tabl e 108: Resi denti al Buil ding Types and Ass
Il nsul ati on .Submeas. Ul €., 191

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Table 109: DucYedre akrmgregyilrmg&acing | ReFako me

N S = - N S o O PSR 192
Table 110: DuctYelams Elh@trigyn | FiprSstng | Re Fako me

Al T e r Al 0 193
Table 111: DucielamsiEhatrigygn | miprastisL oRRirs eDwel | i n

Garden Mul. .t i fami.l Yo 194

Table 112: Duct Leakage 2023 PV-Ylelmv PFPrearigpwd oOd
Anal ysi s iP&irn gdoemeFami lL.y...Al.t.e.r.at.i.ons...195

Table 113: Duct I nsulation 2023 -P&aMDReEin@ed gy
Anal ysi s PXirngldloemeFami l.y.. . Al.t.er.at.i.ons...196

Table 114: Duct Insulation 2023 -P&¥alMDReEned gy

Analysis PeriDeoaRIi $§ €& nGawldteinf.am.i..l..y............... 197

Table 115: First Cost Summadt.y..f.or..Ductl98nsul a

Table 116: Duct I nsulation..Summadr.y..o0.f.1POpl ace

Table 117: Du¥ealeBfafadgaet i3WOeness Suinsmairgyl ePer Hc
Fami |y All el . al b 0d.Sa e 200

Tabl e 118: DueYtealrn&iplisgcit oned@ss Svuintmanrgyl ePer H
Fami |y ALl el . al b 0d.Sa e 201

Tabl e 119: DueYtealrn£ilisgacitoned@ss Summairy Per D
LoRi se Garden..Mul.t.i.f.ami.l.Y. ... 202

Table 120: Duct Leakage Statewide..Ener2y3 and
Table 121: Duct |ImBnseurlgayt i aomd SH naetregwi..d@o.s204 mpact
Tabl e lzzarFiStsatt ewi de GHG Emi ssions .lL.eipacts f

Table 123: Summary of Existing and Proposed A
N S = = VO S o T P 211

Table 124: Summary of Existing and Proposed A
Addi tions Less Than or ..Equ.al...t.0..700.5S5gdar e F

Table 125: Summary of Insulation Levels in Ad
2013 and 2016 Code Cy.cl.es..i.n...Cal.CERTXS21

Tabl e 126 :CoMasltirfuocrtniioan | ndustry, Establishment

Table 127: Size of the California .Res.i2Zd2e&8nt i al
Table 128: California Building Des.i.gne&r24and E

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Tabl

e 1li2f9o:r ndaa Housi ng...Char.ac.t.er.i.s.t.i.ccs225
Table 130: Distributi&nndedfageal.i.f.ar.ni.a.2Rd6usi ng
e

Tabl 1341andowhertcairpi ed Housing Units...i2n26Cal i f
Table 132: Empl oyment in California State an
I S o = o G o T S PP 228

Table 133: Estimated I mpact that Adoption of
Submeasures would have on the Cal i.f.o230 a Re s

Table 134: Estimated | mpact that Adoption of
Submeasures would have on Ca.l.i.f.or.ni.a23Bail dir

Table 135: Estimated | mpact that Adoption of
Submeasures would have on Discretiana33 Sper

Tabl eN@B6 Do e g tMiadvee st ment and Cor.p.o.r.at2z3erofi-t

Table 137: Prototype Buildings Used for Energ
|l mpacts Analysis for .At.t.ii.c..l.nsul.at.i.oh3 Measur

Tabl e 138: Modi fications Made to Standard Des
Proposed Code Change for Ceil.l..ng..l.nszi4ddati on

Table 139: Residential Building Typésiand Ass

l nsul ation f.or. . Al.t.er.al. . .0nsS. ... 243

Table 140: Residential Building Typésiand Ass
I nsul ation .f.or. .  Addi .t i .0ONS. i 243

Table 141: Attic | nsuMeaatri obEhn efrogry Al n pedbdati sy loesr F+
Fami |y Al Ll el at . 0 e 244

Table 142: Attic | nsuMeaatri obEhn efrogry Al npearcatisi oPnesr FC
LoRi se Garden..Mul.t.i.f.ami.l Y. ... 245

Table 143: Attic Ins-YMéati Bnefogy KAopdidtinghRe Fi H
Fami |y Addi.t i 0D 246

Tabl e 144: Attic I nsulation for Al terat4ions 2
Year Period of Arbalnygdies FRew LlLKo.mMd.t.er.a2t4i7ons

Table 145: Attic I nsulation for Alterations 2
Year Period of AnaliyLsois®i sPee rGarwekd d..i.Mwk dJghfi a mi |

Tabl e 146: Attic I nsulation for Additi-ons 202
Year Period of Arbalnygdies FRam .l .o ma.d.i.t.i204mMs

Tabl e 147: Breakdown e4f9 EAstttiinta tlends udoastti so nf oarn dR
YN N T - T S0 T o TN o IO PP 250

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Table 148: Attic | nsYdart irEfofsdfcotri vAel nteesrsa tS uommnsa r 3y
HomeSi ngle Family. . Alt.er.at.l.onS. ... 253

Table 149: Attic | nsYdart iEfofsdfcotri vAel nteesrsa tS uommnsa r 3y
Dwel |l i ibo®mniste Gar den..Mul.t.i.f.ami.l.y...... 254

Table 150: Attic I nYehat-EoseoirvdaAdessi 8nmm80y
HomeSingl e Fami.l.y..Addi.t.i.00.S. ... 255

Table 151: Attic I nsulation for Alterations S

Table 152: Attic Insulation for Additi2dn/s St a
Tabl e 15%3arFiStsatt ewi de GHG Emi ssions | mpacts f

S U D M @ S Ul .S e eaane 258
Table 154: Estimated Residential EShante ngf Bui
Homes wi tShl oYteede pRoof s-sVep s d.s.Rb.@ius......... 2914
Table 155: Estimated Residential EStedpng Bui
Sl oped Co0.0.1....RQA.O.J. .S 296
Table 156: Estimated Residential EXxowting Bui
Sl oped Co0.0.l....RO.0.J.Si 297
Tdl e 157: Estimated Residential EixLowing Buil
Sl oped Roof...l.ns. Ul a0 e, 298

Tabl e 158: Esttiindt eEdk i Besiindge Bui | diinrSgh aSteo ok by
Homes with Centr al Forced AiTr El ecitric Resi ¢

(O3 o T o o I S o T o 1 O o A o S UPPPRPN 299
Table 159: Breakdown of Heating Systems for t
.............................................................................................................................. 301
Table 160: Esttiinadt eEdk iRBetsiindgemBui | diired eSttadk by
Space Heati ng..EqQuU.i.pment ... 302
Table 161: Breakdown fodr Wahe rReHziadent iTaylpeBxi st
T o T o SRR 303
Tabl e 162: Esti mated Residential EShante ngf Bui
Homes with Primary Standard..T.ank..El.eXG4 i c We
Tabl e 163: Esti mated Residential EEKIl esdti migc Bui
Space Water . EqQU..pment. ., 306

Table 164: Breakdown of Weighting Factors App
S U D M B 8 S Ll e 307

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Table 165: Breakdown of Weighting Factors App
S U D M B 8 S Ll B e 308

Table 166: Estimated Residential ERusting Bui

S =T N N o T o SRR 309
Table 167: Estimated Residential ERusting Bui
I NS U LAl deei0udhceeee e 310

Table 168: Breakdown of Weighting Factors App
S U D M 8 S Ul e eaane 311

Table 169: Estimated Residential EAtitsitea ng Bui
Il nsul ation f.o.r.... Al L. el . a b i .0n.S. i, 312

Table 170: Estimated Residential EAtitsitea ng Bui
l nsul ation ..f.or. Addi f. . 0. 0.8 e 313

Table 171: Descripti.an..of..Saf.t.war.e..ChaBnges

Table 172: Standard Desi gn DbAys sDigstnmreinkt st if o Pyus
ST = T A T PP RPPPTT 321

Table 173: Standard Design Assignments for Du
ST = T SO T TSP 322

Table 174: Proposed-RRsviisromscto LEBEG@RE 5and |
Table 175: QlII for Al terat..ans....Rr.opo.s.8®k 7Model
Table 176: ReviResonlsero IOBpEuCtCs f.o.r...Du.c32®r opos
Table 177: Addi RebeabhntUséon Fnpeaeps.ace..B&Boval

Table 178: Additional User I nput s...Rel.882&8nt t o

Table 179: Roles of Market Actors in the Prop
Repl acement, Cool Ro.a.f.s....,an.d..l.ns.ul.at.idN2

Table 180: Roles of Market Actors in the Prop
Equi pment Repl.acement. .S .. 333

Table 181: Roles of Market Actors in the Prop
& I NS UL At gDl 335

Tabl e 182: Rol es of Market Actors in the Prop

Tabl e 183: List of Stakehol.der.s...Engage8d#d2dur i n
Table 18FambBigwghAéteration ..Rr.ot.aty.pe..D8HGripti
Table 185: Alteration Pr ot.ot.y.pe..Bas.el.i3rbe88 Assu

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Table 186: Alterations Prototype Ba.s.e.@3&sle Var
Table 187: Single Family Addi.t.i.on..Rr.ot3c6t3ype D

Tabl e 188!l opedefooYe aRo &Elfofs#¥@cti veness for a Sin
Home with Ducts i n..Candi.t.i.oned...Space365

Table 1&%9opladwRoof -Yeaswml-Bfofsdocent i3WVleness for a Si

Home w-l®hCRvity..l.ns.ul.at.i. o0 ... 366
Table 1%S0opladwRoof -Yeasw |-Bfofsdocnt i3WVldeness for a Ml
Home wil®hCRvity..l.nsul.ab.i. oD ... 367

Tabl e 1IYoelar Flofsecti vehPsAt tfioor IRnsul ation, Air
Recessed Can Upgrades on a SinbleC&aimiyy Hor
I o T ST U IO O O o T 368

Tabl e 1Y%e2ar Fdofseact i veh®sht tfiod IRnsul ati on & Rec
Upgrades on a Single Fammill avbme..lnn.sHhe Eki ehi

Tabl e 1Y%e3ar IFlofsecti veh®sAt tfior IRnsul ation Upgra
Family Home wiltthCExi $¥yi.h.gs.Rl.at.i.o.n.... 370

Tabl e 1Yoedar Ilofsecti vehPsAt tfioo IRnsul ation, Air
Recessed Can Upgrades on a Sinbh9%9eC&aimiyy Hor
I o T ST U IO O O o TR I 371

Tabl e 1Yoebar Ilofsecti vehPsAt tfioo IRnsul ati on & Rec
Upgrades on a Single Fambl avomeswi abi Bxi s Hi
Vo B e ———— 372

Tabl e 1Y%e6ar Flofsecti veh®sAt tfior IRnsul ation Upgra
FamiHloyne wi th -EXi avintgy Rl nsul at.i.o.n..... HERIS Ver i

Tabl e 1Y%e7ar ¥ofsecti veh®PsAt tfior IRnsluilmd,i o&, Air
Recessed Can Upgrades on a Mulllt iCaavmitlyy |Hwoshuel

Tabl e 1Y%8ar IFofseact i veREsAt tfioc I nsul ati on & Rec
Upgrades on a Multifamil yCadwimey.wl.nt.shu BE&E isdn n ¢

Tabl e 1Y%%:r Iiofsecti veh®sAt tfioad IRnsul ati on Upgra
Mul ti family HomklwCawni Ex.i.lsh.s.mlgaiRRi.on..376

Tabl e 2Y0eOa:r Iofseact i veh®sAt tfior IRnsul ati on & Rec
Upgrades on a Multifamid9 yCadwimey wli nt shu |[Eati isd n ,n ¢
R ST T A TR < o T 377

Tabl e 2YOelair Flofsecti vehPEsAt thioo IRnsul ati on Upgr a
Mul tifamily Homk9 wCawni ExilmswmlgaRi.on.,3 HERS Ve

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Tabl
Pe

Tabl
Pe

Tabl
Pe

Tabl
Pe

Tabl
Y e

Tabl
Ye

Taél
Ov

e 20-3topede@ool Roof Nominal TDWY&aergy C
riod ofiPAnalPysiteotivpe §Heme vy Al.t.er.at3i7vdns
e 208topede@ool Roof Nominal TDWY&aergy C
riod ofi PAmnallPypea sHiolmeRi se Gar den...Mu.I3BiI0Of a mi |
e 2G4 opldwCool Roof Nominal TDWY&arergy Co
riodlg8PamaPrototivspaeagHemdéami L.y..Al.t3eBrlat i on
e 2B%o0pldwCool Roof Nominal TDWYd&nergy Co
riod ofifPAmnalPysteotiyperi seemeGar den...Mu.I38Bi2f a mi |
e 2B6opladwRoof | nsulBEnerogy NoorsitnaSaviiDnvgs O\
ar Per i odi Poefr APraoltyostiySsp @ gHemde&ami |l.y...AB8B8er at.i
e 2BTopledwRabBti on Nominal TDV En-ergy Cos
ar Peri odi Poefr APraoltyostiyspeRi HemeGar den..dM&d4t i f an
208: El ectric Space Heating Replacement s
er-Y&@88r Per i odi Poefr APraoltyostiysp emgHemdéami |y Al t e
.............................................................................................................................. 385
e 209: Electric Space Heating Replacement
er-Y&88r Per i odi Poefr APraoltyostiyspaerRi Hemesar den
O S T - U 4 PPN 386
e 210: Electric Water Heating Replacement
er-Y&@88r Per i odi Poefr APraoltyostiysp emgHemdéami |y Al t e
.............................................................................................................................. 387
e 211: Electric Water Heating Repl acement

Tabl
Ye

Tabl
Y e

er-Y&@88r Per i odi Poefr APnraoltyostiysmeRi HeemeGar den

|t

e

FF A I Y 388
212: Duct Leakage Nominal -YERY Prern gy O©d¢

al yBes Prototiyopeghoams | yv Al.t.er.at.i.0o.n3s8 9

e

213: Duct I nsul ation Nomi n¥ad arT DPe rEineed goyf

al yBes ProoomBgypegHe Famil.y..Al.t.er.at3d dhs

e

214.: Duct I nsul ation Nomi n¥ad a rT D”/e rEinced goyf

al yBeBr ot ot ypiel okfbinsee Gar den.. Mul.t.i.f.a3mill y

e
ar

e
ar

215: Attic Insulation for Altera@tions N
Per i odi Poefr APraoltyostidp @ gHemé ami l..y...ABbRer at i

216: Attic | Noul atail oM™ DVo rEnAklIrtge r &toisa n Sav
Per i odi Poefr APiraoltyostiyspeRi lbeemeGar den..Mad t i f an

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Table 27! nAtwtl ati on for Additions Nominal TDV
Year Per i odi Poefr APraoltyostiysp @@ gHemdé&ami.l.y...88di ti on

List of Figures

Figure 1: Tot al number of residential single
(G- T I o T S o O - 28

Figure 2: Numbegyri safer@RIR@roducts that meet cur
mini mum criteria for aged sol ar..r.ef.l.ea&t ance

Figure 3: Percent esfl oapletde rreodo fosr inne we xsitseteipng p |
alteration project registé&rz2z0lewi ¢cad€act LCEIRES
meet the current prescriptive r.eg.ul.r.eldent f c

Figure 4: Percenltosolfo paeldt erroeodf sori nneewki sting pl u
alteration project registered with Cal CERTS
meet the current prescriptive r.eg.ui.r.ellent f c

Figure 5: Residenti al h o me.s....w.i..t.h..el.e.ctlrli3c spa
Fipge 6 Distributi on..of..wat.er..hea.t.e.r..adgeé5.
Figure 7: Altered water ilhaat idred.as.y.st.e.82cdonfig
Figure 8: Job type .of..r.espondent.s..(.n=3%)4.
Figure 9: How frequenpgidyg) e ets.ptoyngest.s..v8ar5k on
Figure 10: Number of additions or alterations
i mpl ement S .. (0.5 L) 346
Figure 11: Resources used to determine what e
residential pr.oj.ect.s..(.n=012) . 347

Figure 12: Number of additions or .al.t.e8rddt i ons

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Executi ve Summary

This document presents recommended code chang

Commi ssion will be considelind fyoumbdwfEsi on i
suggespriiomrsadopthen, plndasog iégrmeai2ldst akehol der s
Comments will not be released for public revi

| ntroducti on

The Codes and Standar déiBnhaaeisoessnigsn tr e cCoAnsnte)n d a t
t o s utplp@arlti fEonrenrigay Co insginegiggyn Copmesbsopbphnhs to up
the CalifoCmdeal i EfeP&gwit 6) to include new requ
existing requirementsTho€eluriafricao U sn vteesd horr o 1Convnied
(Il OwPpcific Gas and El ectric Compaann8yo,utShaenr nDi e
Cal i fornniantEw@usbodn cl y OwisSeadc rUatmelnitto Muni ci pal

Di striLots aAmdyel es Depart menthreeif n Waeeer aed towa
Statewide CASE Team when iinscploundsionrge dt hteh i GA SeH fAo
program goal i's to prepawaeutaehsdu Istuebfnfi e c tpertoep o s a
enhancements to improve energy eCdliciemmiya and
buildings. This report and the code change pr
effort to devel opf tecthinveméeés anidnfcosmati on for
on buil dienfgf iecnieerngty desi gn practices and techno

Th&8tat ewi de CAbSHE tTse acno dseu change proposals to t
the state agency that has authority to adopt
Commi ssion will evalwuate proposals submitted
stakeh®] déEhe Energy Commi ssion may revise or |
Commi ssioBasl dD88g Ener gy EWwdDb siiteencfyorStiamfdar et
the rulemaking schedule and how to participat
https:/ / www. ener gayn-ticoap. igcosv// pprr cogre samse/f hfuii ¢l ide nncgy
standar dsfi2-@@ddrmedy i ci ency

The over atlhli ssoGASE fRe g eaotd ei s htaon gpesf propos al
al terations and addi t iTohnes rienp orrets icdoennttaiianls bpueirlt
i nf or matpipmm hengode change.

Measure Description

Background I nformation

By 2023 it is ewitllmabedovédrmatld hmirlel i on exi st
units in(California Energy @Gdmmisgssi6@®@n p20 L @ak

were built before the California Energy Code
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Commi ssion esti maboas sthatf ownher 20R8 code cycl e

dwel ling units will be built each year. New c

Title 24, Part 6 code updates; however, exi st

savings opportuni by amddressetdhatn musiter to res

goals. Assembly Bill 3232, signed by Governor

Commi ssion to identify policies that reduces

existing building stoclkewgl $0bypye2@Cxht bel ow 1

Proposed Code Change

The code change proposals impact residenti al

originally devel opedebassesddentt he btode, Secti

Part 6, and have sincenbkeenfamphpndaeddtal comel

buil di ngs Most of the proposals revise presc

Energy Code. There are also proposals that ad

proposed submeasures are described bel ow.

T Expancltihhmte zooebk swmefee requi-gledmeh dr st eecg
| oswl cdpe®of repsl.acement

T Add a roof deck iIinsubdsmltapeadfreqai remmatof or
replacement in certain climate zones.

T Prohibit electric r esmMasttean chee astp arcge rheepd taicregr
equi pment under certain conditions in most
T Reduce the duct sealing target for altered
in all climate zones for single family bui
T I'ncrease the prescrigut ireemedd st iinncelrat@i oan c
Reduce -tdhet 40ri gger for prescriptive duct
requirements in all c¢climate zones for syst
eliminate the trigger for systems serving
T Add a pr eesquiirpgmevret rf or attic sealing and i
and when an entirely new or complete repla
certain climate zones.

f I'ncrease prescriptive attic insulation req
feet sorinlecsertain climate zones.

T Add three compliance options for alteratio
credit, fireplace removal credit, and qual
credit.

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Scope of Code Change Proposal
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Tablssummari zes the scope of the proposed chanc

Stand®ederence Appendi ces, MAt h(eAdhM)t | Rreef eCael nccuel

Manual, and compltihamudddmodmémntes as a

result
change(s).
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Tabl:e Scope of Code Change Proposal
Woul d
. Modif Complice
Modi f : Softwar
. Titl e . .
Measur Type o Sectic P Modi f i
: . art .
Na me Requireioffitle, en (Revise
Part Fc):pes Referel
Manual
Sectio
Cool fro Yes
st eelpadp Prescri 150. 2( N/ A (2.10
roof ' '
Cool fro
Yes
| o-svl adp Prescri 150. 2( N/ A (2.10
roof ' '
Roof d
i nsulfaot Yes
| osvl odp Prescri 150. 2( N/ A (2.10.
r oo f
El ect
resi st 150. 2¢ Yes
space Frescriggg o0 NIA 5 10,
heati
El ect
resi st 150. 2 ¢ Yes
water Prescri P N7 A (2.10.
heat.
Prescr Prescri 150. 2( RA3. 1 Yes
duct s 150. 2(¢ 2 (2.10.

Modi fi ec
Compl i an:
Document (

CF1-RL-D IE
CF1-RL-D SE

CF1-RL-D IE
CF1-RL-D SE

CF1-RL-D IE
CF1-RL-D SE
CF2-RL-D SE
CF 2-RNYW 4E

CF1-RL-D 2E

CF1-RL-D IE
CF1-RL-D SE

N/ A
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Woul d
Modi f Compl -

Modif 7i¢)eSoftwar Modifiec
Measur Type o0 Sectic Modi fi .
. : Part _ Compl i an:
Name Requireitoffitle (Revi se.
Appen Document (
Part ces Referel
Manual
Sectio
Prescr
. Yes
duct Prescri 150. 2( N/ A (2.10 N/ A
I nsul a ' '
46t tr
rfe:rcr brescri 150.2 Yes CF1-RLD 2
P duct 150. 2(¢ (2.10. CF2-RCHO HH
requir e
P 110. 8 CF1-RLD1IE
AR 150. 2( Ves CF1-RLD 5E
insul at Prescr.i (new N/ A (2.10 CF1-RL-D 2E
alter a secti ' " CF2-RLDSE
150. 2¢ CF2-RNYW 3E
Prescr
attic . Yes
insul at Prescri 150. 2( N/ A (2.10. N/ A
addi ti
CF2-RNYW 3E
c | Yes CF2-RN\W 1H
OOpTﬁ o Complia RA3 " rg CF2-BRN\2 2H
alter a Option RA4 (2. 10, CF3-RN\2 1H

CF3-RNW 2H
CF3-RX 2 GH
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Mar ket AamadyRegul atory Assessment

Thé&tatewi de QAeSHeolenramar ket analysis with the g
current technology avaidhabliiltyy, mzxmkhate htorwepn @«
standard would affectl nhdi madiuanh was kgat hhet @d
i ncrement al cost of complyEsgi watkest bé paopes
measure apwdriedabt i figd rtchhr caungdh oruetsreeaach wi t h s
incl wdiingty pEogrgm €vomfinf ssion staff, and a w
actors including roofing contractors, roofing
and consultant. I n admaltiioed toutcromaalc,t itnlge pStre
Team di scussed the current market structure a
stakehol der meetings that the Statée@il8e CASE
(St atewi de CASH Slteaatne w2i 0dle9 aQA S K Slteaatme W2i 0d1e9 bQA S E
Team 2)alndfta)r c,h 502Dt at ewi de CASH Slteaatnme w2i 0d2e0 aQA S E
Team 2020tha)t ewi de CASE Team 2020¢c)

Cost Ef fecti veness

The proposed prescriptive code changes were f
zones where requtiaaegdt (Th/eC)bernaetfiid compares t he
savsngo theddheytetd@r period of analysis. Propos
have a B/ Cor agnoatod-efladet coet The | arger the I
the measure pays for itself from energy cost

submeures covered a mhbhmo adolslty ngfef,e dtriome wi t h a
over 1.0 to a B/ C r aSteicasi2gor@e. a4t. edr abn.ddetnh el 7. See

met hodol ogy, assumpt i onesf,f eacntdi vreenseusl st sa noaf| ytshies .

Statewide EneEgegr,gwadetrs: and Greenhouse
Emi ssilonpsact s

Tab2presents the estimated energy and demand i
changewotuhbaet real i zed statewide during the firs
24, Praecqgu i6br ement s adeairnsefat eewt deFiemetr gy i mp a
represented by the following meaoaurnscsper!|yearnr.i
(GWh/ yr), peak electrical demand reduction in
mi |l 1l ion rt hyeerams (prei | | i on t herms/yr), and ti me o
savings in kilo British thé&e@ealcts2o,i8t.,&.,per yea
anf.f5o0r more detgicelas on at leevi dier stmpacts cal cul :
CASE T&S&emt 20,8s,8.,3 abn@ontain det auinlist oenn etrhgey per
savings calculated by the Statewide CASE Team
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The compliance sapteisondso snwbhmereodi fy the stringe
Energy Code and itnhcdeuedesmpw i ehgtsinmat es i n this r

Tabl€&i rYsetaSrt at ewi dye &meérigmpact s
Pea

M El ect El ect Natur a TbVv E_n'
easure . . Savir
Savir Demar Savir TD
( GWh/ ReductMM her ms kB(tu,
( MW
Cool frosrtode |
s| dp @ f [ 4. ¢ (0. 100
Cool froaofl
1 odp o 62 . 35, 2.1 1,71
Roof deck fio 47 14 . 2.1 2,76
| o-svl oddp @ f
El ectric r 10 0. C N/ . 313
space hea
Electric r 50 . 5/ N/ . 1, 31
water hea
Prescrl_ptl 4 2 ok 0. 2 355
sealing
Prescriptd.i
_ _ 0 0.1 0. C 19
i nsul at.
Prescriptdi
i nsul ati o 7. 3. 4 0. 4 477
alterati
Prescripti 0. C 0. C 0.0 1.

i nsul ati on

Tab3presents the e GtHiIGMEAIt £9a sasvaociidactda@ wir olpo s e d
code changéhset hgeat andar ds Awvroei dend eGH@ cetmi s s i ¢
measurmatrninc tons of carpenrdcO@o)hs saqpitVv alnen t
used in developing the GHG s2av53n2hd 285 25 p2ovi d
anAppenditxhiCG @Thpombnetary value of avoided GF
ianl uded i n TDV cost factocosabhdct mvalhysiss.ncl uc
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TabB8e FiYesatr Statewide GHG Emissions | mpacts
Avoi ded Monetary

Measur e Emis?si Avoi'ded'
(Metric Emi ssi

cCo2e/ ($20

Cool fromtodelpadp @ f 1,6 $172,
Cool froagosll adp ® o f 3,3 $351,
Roof deck fiomssullodpt e so 23,0 $2, 447
El ectric resistanc 2,4 $263,
El ecrtersiicst ance wat 12,1 $1, 291
Prescriptive duc 2,5 $272,
Prescriptive duc 12 $12,
Prescriptive attic | 4,0 $434,
Prescriptive attic 9 $1,0
Tot al 49, 4 $5, 248

Water and Water Quality |I mpacts

Thproposed meamtsuaxpdacsted to have any i mpacts c
guality, excluding impacts that occur at powe
Compliance and Enforcement

Overvi €EwmpfFi ance Process
Th&8tat ewAIE Twamked with stakeholders to devel

compliance and enforcement process woonud dt o i de
havevami ous mamTket caempodbi ance process ihnsgedescr
and Enforcement Sections. | mpvaoauthsdl vieh atn tmae ket
actors is described in the Market | mpacts and
Appendi XhE key issues related to compliance a
bel ow:

T Roof i nsdloa ogmadffesr at ti me of roof replace
requiremenitséores$iowe Cuirallegnly wirli sidngd.i ons r a
conductvipéwnf ore roof replacement s, particul
cool roofs are not required under existing
conduct onsite ,i nglpiech i ol dvarrexwsl t 1 n i ncc
i mpl ement Bhe onode oplbhamayei mcl udes sever al d
when a project applies for an exception it
the project qualwofuibedls .anHoawedvietri,ontani sr equi r e
buil ding department whasdd mary dweaichabll enmge :
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T Attic ins
i's a nhew
require a
opportuni
there are

T With incr
may resul
These cod
progr ams
Utility i
perhaps i
support a
can al so

Field Ver i fDi
Fi evledr i fi cat.
the attic in
and the perf
conditions i
the attic in
buil ding dep

ul ation and air seal iimg vetntteidmaatd
rtehqauti rneanye nrtequi re new trades on pr
me ¢ h aTnhi ec apl r ocpoonst er da cetpade®s e€mtasr ga&n r

ty for mephaniidel addnttrieomtadr ss etrov i
chall enges whibcH .&ére discussed i

eased stringency in code requirem
t in some alteration projects pro
e chamges mplhouled Ibg educati on and
targeted at contractors, building
ncentive programs throughout the
nto the 2022 code gyaldepaerwelalhnhd
mar ket transformation for i mprov
play a similar role.

cagtniosnt iacndlfesti ng

on and testing by a HERS rater 1is
sulation for alterations submeasu
or mance approach compliance optio

S also requiredvalfueo neex coef ttihaoemse xii s
sulation for alterations submeasu
artment permit review and onsite
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1l ntroducti on

This document presents recommendd&decgde chang

Commi ssion will be consigdaéeilnd fyoumbdowfEsi on i
suggespgriiomrs to the adamtfiooat,i tdle2alse aekmanioll der s
Comments will noubbecreéeenswdof owi pl be anony

The Codes and Standards Enhancement (CASE) 1in
t o s utplp@arlti fEonrenrigay Co insginegiggyn Copmesbsopbphnhs to up
t h@al i fEonrenrCgayd(eTi t,| eP3rdd i6ncl ude new requirement
existing requirements fe@alviafrommuisatlecheaotl @rgi @\
(Il OwW”Ppci fic Gas and El ectric Compaann8yo,utShaenr nDi e
CaliforniandcdtivonPobti ttilLloBwiAenggel es Depart men
Water andnBo®wacramento Municipal Utility Dist
Statewide CASE Team when iinscploundsionrge dt fit éha GA SH fAo
program goal i's to pretplawteuitashsdu Istuebfnfi e c tpertoep o s a
enhancemempeewer gy edridceraercyy p&raflorf mamdea

buildings. This report and the ao@epahtanagfe ftphe
effort to devel opf tecthinoveméis aodnftoegpropmeads

on buil dienfgf iecnieerngty desi gn practices and techno
The Statewide CASE Team submits code change p
the state agency that has aut hor ihtey HEnoe ragdyo pt
Commi ssion will evalwuate proposals submitted
stakeholders. The Energy Commi ssion may revis
Commi ssionds 2022 Title 24 website foandnform
how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
topi cs/ progreamsedhbunesti andar dsi/i 2-@@ddbredy i ci ency

The o
addi t
c harsg

| goal of dshdaosd dEGA SH aReg®d opte sipsd stad | parl
a nfdh ea Irteeproartti ocnosn.t ai n s uperott ihreenmgto dienf o

@D
-
n o

presented in thisCASEoTeamt wer 8edt ewwit hea numb
stakehol der ® oifcmoenlgurdaicnhge c s ani c al and plumbing ¢
buil dcngl eff manuf actHERESr sRaTtoeterbseegBér ener gy ana
i ndustryangdr ouphse,r s i nvolved in the code compli
incorporates feedback received during public

CASE Team hNdvde nol2e0r1(932at ewi de CASHK Slteaatnme w2i0dle9 a )
CASE Team,(20t1ladtbe)wi de CASEa nTieaarnt,h2 B0@Pt) at ewi de

CASE Tea@mma(R0t at ewi de CASHK Slteaatne W2i0d2e0 bQASE Team

Vv
[
e
When developing the code change proposals and
n
h
c
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By 2023 it is estimated that there will be ov
units i1 n(Califorrioammkrsesrn yn RA0mOsa) 60 percent
were built before the California Engdfggr Cade

breakdown of total single family and multifam
Commi ssion estimates that over the course of

dwel l ing units wildl be built each year. New ¢c
Tile 24, Part 6 code updates; however, existi
savings opportunity and one that must be addr
goals. Assembly Bill 3232, signed by Governor
Commi stso oindenti fy policies that reduce greenhoce

stock by 40 percent below 1990 Il evels by 2030

5,000
4,500
4,000

2 3,500

3

S 3,000

= 2,500

‘% 2,000

O 1,500
1,000

500

m Single Family
m Multifamily

e L L s

Pre 1970 1970-1979 1980-1989 1990-1999 2000-2009 2010 and
after

Building Vintage

Figur eTot al number of residenti al single fami/l
i n California.

SourStea:t ewi de const puoti dehdef bEmneecragsyt sCommi ssi on (Califor:r
Commi ssion 2019a)

These code change proposal s haveribsee nr edse vdeelna p
code, Section 150.2 of -MiskbeabnyglyPahtd Gultofa
buildings. As part of the 2022 code cycle, th
Commi ssion are proposiseg amna s&li igdann ttiHeamidw r eq
and reorganize the Standards @oethat aalshi nmulet
section. Il n this report the Statewide CASE Te
effectiveness analysis, and preapgssed ecsdde ndh a
buildings. The Multifamily Restructuoring CASE
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mu |
req

Thi
tar
pr o
cod
for

The
rep
i nc

=

tifamily restructuriisneg raensdi duenniitfsiecla ta sadnd éonfg h
uirements beyond tREpo'stope of this CASE

s code change should be accompanied by edu
getedtatctors, building departments, and b
grams throughout the 2019 Title 24, Part 6
e cycle as well, can encourage early adopt
i mpxkogtngg homes. Local reach codes can a

foll owing is a brief summary of the conte
eated for each of the five proposed submea
| udes 't wometaos utrherse.e s u

)]

bseciMeasdre Descri
the measure and i
scription of how t

C ume ntt smatkhea up t he

ption of this CASE Re|
ts background. This se
his code change is acc
Title 24, Part 6 Stando

to the Market Analysis
ect i mar Re?2 sieswccti bes. t he
e cotherchaegeroposcleddimea
cts with other portions

safety standards, and w
| | enges exi st.

u

f

e

o]
ubseciliona@dit.
eview of the ¢
ssociated with
verlaps or con
ei smi c, and t
n

u

n

I

0
orceability

f

bsecikEowar §y Savi ndse -ypnees eamnsr gy, demand
d energy cost savings associated with th
so describes the methodol ogy that the St
eaunit energy, demand reduction, and ener g\

DO ODVWOL (Y QOO

©

Subsecilimnadddi tion to the Market Analysi s s
review of the curidénal marketc| sdescest e mat e
mai ntenance costs, i.e., equipment | ifetim
wi t h creemqelna and maintenance during the per.i

SubsectiFioryetar Statewide | mpacts presents t
savings and environment al i mpacts of the p
year after the 2022 codetheakamoenhteof. efhlei
would be saved by California building owne
(increases or reductions) onamatmati eadi avli ¢ ht
areonsidered stakecoby&thated wirshé awat er consun
impacts are also reported in this section.

1Mor

e information on t heavcaoidleabclheange proposals is

https://title24stakeh@0@&V snu ¢cdhnaf patesssadt yr ruecst /ua yi enlge

2Mo r

e information on |l ocal heapb: cbdesakcanebegytodad. hben
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|l anguage for the
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Revisions to Co
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Standards,i Ref
erence Manual ,

de Language
trikeout (d
Galenclea tAippre
Compliance

Sect@didn bl i ograpdiyts the resources that the

used when devel o
foll owing 1 s a

Appendi 8t At ewi de
assumptions used

Appendi EmBedded
met hodol ogy and
water use (e.g.,
savings resultin

ping this report.
brief summary of the Appen

Savpngsehéshotdel mgyhodol o
to cywlicmp adtes st atewi de en

El ectricityesenWat eémeMet ho
assumptions used to cal cul

electricity used to draw,
g from reduced water use.

Appendi En@i ronment al | mpastnat Met hedmkebobypdo

and assumptions
and quality.

used to calcul ate wumspact s

AppendCafl oD ni a Buil ding Energy wofdtew&Lroenp!l i a

Speci fpraséenns r
any) .

Appendi Xxmpacts o
recommended comp

Appendi xSuFfmmar y o
to engage and co

Appendi WeGcri pti
used in the ener

el evant proposed changes t

f ComplianceprresEetwst o Ma
| i a npcae¢ the motmiafsikeedc oatdor m

f Stakedhouoment Enghgeebhort
|l l aborate with market acto

odesestrPbesot hpesxisting bu
gy analysi s.

Appendi Adidi ti opalovAna&lsy aiddi ti onal analysis

AppendNiomilnalpr@s®eint s results energy cost sa

nomi nal costs.
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2Roo0f Repl acoelmeRwotosf,s Go | nsul

2. 1Measure Description

2. 1Médasure Overview

This section covers two prescriptive-code cha
sl dped dlodpe®of replacement and-sd)odpreoccoff I nsul a
replacement. Theoel submepdyuses akwbi dewt i al bui
including single family and multifamily.

2.1.1.1 Cool Roofs at Roof Replacement

Thi s subnxepaaswdt dhee current cool roof requiremen
repl acemens| tdpmdsd wape®of s to additional <cl i ma
revises the exiTabddkgs exicleepd itomes .exi sting and
requirements for mini mamdagedi mamat heefmhekceaan

Tab#4&ummary of Existing and Proposed Cool Roo
Aged Sol ar Reflectance/ Mini mum Ther mal Emi tt a
Ste&pope Lovbl op e

Cli ma Propo Propo
Zones Exi st Sipn.gIvlpurlotpiof Exi st Sipn_g,\/Ilz)urlo,[loiof

Fami Fami
1, ,8B16 N/ A N/ A N/ A N/ A N/ A N/ A
6-7 N/ A N/ A N/ A N/A 0.63/ 0.63/
2 N/ A N/ A 0.20/( N/A N/ A 0. 63/ I
4 8-9 N/A 0.20/ 0.20/(¢ N/A 0.63/ 0.63/
10-12214 0. 20/ 0.20/ 0.20/(¢ N/ A 0.63/ 0.63/
[

13, 10.20/ 0.20/ 0.20/(0.63/ 0.63/ 0.63/

Currently, a variety odt exigoeppaid fosn sroiresrdeoval | owe
residenti al buil dings. This proposed change r
for the following alternative options.

a.Buildings wBé&lleiadotr nlgevassit| aRt i on

b.Buil dings withima tlhahertndriahaelamitem arri er i s
installed directly over spaced sheathing

c.Buil di ng2s owi tghr eRat er i nsulation above the r
d.Buildings that havien n®@| idmattes 2ondashe2,at4,i c9,

These four alternati viers sirmei leasrt i amratgrde a&toe rr etsaut
roof with an aged solar reflectance of O0.20.
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to not allow this alternative path i f a radia

which reducest hér er @ dnpaarctt drri er by al most hal
ducts | ocated outside of the attic iIis revised
where the cool roof i s not cost effective bas
conditionedApmparcdioxr Sa@mal ysi s results with duc

Three of the existing exceptTabbger ave dpsopes ad
on the exceptions and the reasons for del etin

Tabb&xcepti onSt €-&potpl€ad o | Roof ReBubpemedt sor
Del eti on

Exi sting EX¢ Reason for Deletioa
Ai-srpace of 1.
mm) s provic Create cons.irsetgeunicrye menn ttsk
the top of tt equall to all roofs re:
the bothemr of q y
product
The install e
pr.oduct h"?‘s a Create consirsetgeunicrye menn ttsk
rise to width
equally to all roofs, r¢
per ceqiteatrer
width of the.
This exception is no | on
Existing ductdoes not reference duct s
are insulate¢ insulation requirements.
according tchave been moved from Sect
150.1(c) 9 now mandatory for newe hc

prescriptive requireme

Folrowl ope@adf s -roinsd owuihledicrugsr ent Exception 1 ex
with no ducts in the attic. This exd¢eomwti on i s
slopeadfs do not he vaen da nt-dddf tedoadsitypaaess cal cul at
conducted f®Repdohi saCASEased on a building wit
Sspaddéd.e c uErxrceemptt i on 2 adflfoswsb gtowe eémr atdlee aged so
and above roof Tad6épger e 9ne utl eavtiti Soemddfef v a lrueefsl etchta t
the new roof insulation requi renmefrld.r2 tthetc lair me
zones where both a cool roof and .EQqofvahent at
combinations of solar reflectance amdedcomti nu
results of energy simulations.
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Tab6:Adged Sol ar Reflectance Trade Off Tabl e

Mi ni mui Roof ook i nt Roof Coank i nu

Aged So I nsul awiabuoe I nsul Rvabne
Reflect (Climate-720 (Cl i mat e 4Zo0lnBe
0.60 R-2 R-1 6
055 R-4 R-1 8
050 R-6 R-2 0
045 R-8 R-2 2
No requi R-10 R-2 4

2.1.1.2 Roof Insulation at Low-Sloped Roof Replacement

This submeasure adds a prescriptive requireme
of roof r edloavw ®menbtf sf.orCurrently, thewe sies no
residenti al buil dings; the#dd 1issaithdegxiossa fog r
residenti al ThawiTfedr ngssuBeamary of exi-rsitseng and
residenti al requi rements.

TabV:8ummary ofg ExnadtRPRroposed I nsul atbwn Requi I
Sl opRdofs at Time of Roof Replacement (Above L
Rval ue)

Climate ExistPropo
3,-75 N/ A N/ A
1, 25164 N/ A R-1 4

The foll owing summari z g otplos ealx dopt itdhns tclhhate
first exception all ows for projects that alre
valuel®f &bout 70 wmparl wentelfd ftrheedp @R Re ment . Mo d el
showed that addi ng addibtaiseen alo nidn gu loant iad m evaldeyn
mini mum | evel of continuous insulation is not
exceptions have been developed based on the c
requiremewmti sfeom etsiigllent i abuahdi mgsr eé i et i &ln
141. 0(;b)RRaBwevier, they have baeaesr mewiidedttialbaeat

conditions. ltem i i and iv allow for a | ower
certain conditions are wet .whlitcehm ciaini bipu alcihfiieev
i nch or | ess of i nsul ati on.

i . Existing roofs with a miiwiamwm ©dnlEdt nalrecds t i
not requiredvabuemereqtheeRents.

ii Existing roofs with a -mahueumf dadv ii lng asetr & Rl
climaee. zdhis exception is based on cost e
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existing buil di rlg prroootfo tiynpgepsph anwniofobwr, RHs e e
analysis results.

i iConnuous Iiowseard atthe may i re rmedfcvwehde rten: R

a.Mechanical equipment is | ocatewouwlnd t he
reduce the base flashing height to | ess
California Residenti al Code.
b.The roof haorsipaewplet wal | swoaunitde daudcdei n g
the base flashing height to | ess than t
Residenti al Code.

i v.Whermnadi ng iwcwl atrtolpaulnredessekxystongoegrter .

wi ndows ori lobda&ssdéchenay beoverdutclead .entire r

v. All owance to use tapered insulation provid
equal s or exceeds the required value.

2. 1M2asure History

2.1.2.1 Cool Roofs at Roof Replacement

A cool roof is a roofihmg podAuctr efhatctpmaeei Gda
emittance than a standard roofing product. Wh
portion of the visible, infrared, and ultravi
reflected. Thermal emiytahcehdesoof bsarfheeab
once absorbed. The fAcoolero the roof, the mor
better it iIis at emitting absorbed energy. A r
emittance of O is imwet artefalldct iAvesodraremiedd ect a
complete reflectivity. A thermal emittance of
with very high solar reflectanteswivapeeés, such
requirements of O0.a63% dolparcarldfyl eecetrayndd,ght or
there are many cool roof products that eepe da
slopeduirements of 0.So0 asolrerf | reecftlaencctea mmed. t h €
can be moecducedenmet hbeyr ivng .Mogt sofi |t mgse | mpact s
t he first ¢ ouptlhee roefrfooprées ress baafd eldi foem an aged sol
refl ectance and aged thermateemye¢edamasnce measur

Coodofr requirements f olromwioocef rreespldaecnegmeant sbuiin d
introduced in the 2008 Title 24, Part 6 code.
signi fiinc aonvtelry.a lde cdidee 26 033t aPhantd H,i stehe | ow
requirements were for a minimum O0.20 aged sol

emittancetewlpéopdadf s in Climate Zones 10 throu
0.55 aged solar reflectancéd oswbofped.f 55 itnh &rl mara
Zones 13 and 15. The current requirements are
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refl ectlaocseleo pfendrf s 1 ncreased to 0.63, which hay
cycle, and the exceptions have been slightly

2.1.2.2 Roof Insulation at Low-Sloped Roof Replacement

Roof insulation is the application of continu
the exterior roofing material. This-rssemeasur
residential buildi e cnrpaest cedreiixgemkeas. for
residential buildings has been in place since

been no chatnhgeenx cephcéor minor revisions to th

2.1S@mmary of Proposed Changes to Code Docume

The sections bbbwwessmmamadiaz € s , Reference Appe
Ref erence Manual sdo caunndevrectiobmed | moadnicfei ed by t he pr
chamgeand covers both the cool ro8éeaBdctboh i
2.t his report for detailed proposed revisions:s

2.1.3.1 Summary of Changes to the Standards

The two sulwomeasumesli fy the following sections
Code as shown beRo®o.f2 Sehei sSercetproopnt c bde mangedge

SECTI ON TENE.RLY EFFI CI ENCY STANDARDS FOR ADDI T
ALTERATI ONS TO EXRISSHE NRGEIIOMENTI AL BUI LDI NGS

Section 15R0e.vit(sde)rldfil:ect the additional cl i mat e
requiremeapply and the poopbesedxckpnhngesst

Section 15Ad® (dbyhldeat:i ohecatantdhb existing coc
requirements undeerevstedesreaeftlient at mendaddi ti onal

where cool roofs are proposed. Revi-BAGHDh e exc
SOLAR REFLECTANCE TRADE OFF TABLE. Add the re
insulation in new subsection b.

2.1.3.2 Summary of Changes to the Reference Appendices
Thewo proposed wouublnde ansoutr ensodi fy the Reference

2.1.3.3 Summary of Changes to the Residential ACM Reference Manual

The two sulwomedasumesli fy the f oRdoiwd ArgtMisaelct i ons
Reference Manual as shawénfbdlhow. re@er3edtoiron h
proposed revisions to the text of the ACM Ref

SECTI ON 2. 10 Additions/ Al terations

Secti on3Rodf0/l @GeUbdagse 2Batbéfel ect a change to tF
Standard Design for al t esrteedelpoqaosfdi orsg ospuerdf ac e s
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roofs. AdtHowsl opewodbfodeck insulation and add th
based on the proposal

2.1.3.4 Summary of Changes to the Residential Compliance Manual

The two sulwomeadasumesi fy the f &lelso wi€mgmipsd catnicoen
Manual

T Section 9.2 Whatodés New in the 2019 Energy
T Section 9.4.4 Envelope Alterations
See Sezxz.t@Godohi s réponttherodet ail s

2.1.3.5 Summary of Changes to Compliance Documents

The two sulwomeadasumesli fy the compliafkoetdecumen
det arles present @d6i ® Section

1T CF1I-RLDIEiRepurpoadbsece€&€f osotneelpopeoadf repl acemen

and create a new-sd wdpsmeocft iroenp Ifaocre ment s. Prov
exceptiohowl opetbtie i nsul ati on requirements
submeasure, the Statewide CASE Team recomm

be required by the ionfsttanlel i n

documentation
to verify that the project meet

exceptions

T CF1-RL-DBSEi RepurpadbeseCf osotneelpopeoadf repl acemen

and create a new-sd wpsabcft iroenp Ifaocre ment s. Prov
exceptooh®owkeopeo®adf insulation requirements
submeasure, the Statewide CASE Team recomm
documentation be required by the installin

exceptions to veritfy tthetqu alei fpiramg teicd n anefeo r

i CRR-ALDEET Revissubsecti on B to add a section f
insul ati on.

1T CF2-RNW 4Ei Revitshe form to add a section for
2. 1Régul atory Context
2.1.4.1 Existing Requirements in the California Energy Code

Cool Roofs at Roof Replacement

There are existing requirements for <cool roof
repl acemenstt efedpro @andlitolsvl ope@df s. The requirements
Section 150.12i(99 1lrhediode Mtaiv@dee ban il e mgtshe exi st
requirements for minimum aged solar reflectan
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Tab8&ummary of Existing CodIMi Roonfu MRAgeidr &mé matr

Refl ectance/ Mini mum Ther mal Emittance)
Climate Ste&pop LovEl o
1-9, 16 N/ A N/ A

10-12, 1 0.20/0 N/ A
13, 1f 0.20/0 0.63/C

A variety of exceptiterpopodbfan-tolngdmdm esnt if al

buildings. These exceptions are |isted bel ow.
T Aisrpace of 1.0 inch (25 mm) is provided bet
bott onmeofroofi ng product; or

T The installed roofing product has Oa profil
percegqnreatrer of the width of the roofing pt
T Existing ducts in the attic are insulated
150.1(c)9; or

T Buildings wB8hcatliergstn®ul ation; or
Buildings with a radianhe bragquierementtheofat:
150.1(c)2; or

T Buildings that have no ducts in the attic;
T I'n Climated5Z@8oResgrl®d®ater insulation above t|

Folrowl ope@adofns rowe buil dings, there is currentl

ducts |l ocated in anod&ftitablastwall|l ad$oavst fade

reflectance when roof deck insulation is inst

Thereoitsckeade change proposal under consideratdi

t hawbul d orfakreges ob t def coe qmuad nrrearseibduesnl tidican g s
new constratcttiiome amfd r dof replacement .

Roof Insulation at Low-Sloped Roof Replacement
There are no relevant existing reffjar#bment s i

bui |l dlihnegrse i s a requisementtfobdbamhlghbuil dings
141.0(b)2Biii whl4 hc aretqiunucws tehbaaveR roof deck
at time of roof replacement in fahat cal mawvef ao
| owewvalRue to be installed under certain condi-t

i ncludes r equirreesmednetnst ifaolr bnuoinl di ngs.

SMore information on t heavcaoidlealbclheange proposals is
httpe2Astakkeholders. celP@déasnr s kptkgcftoeramlame kbopel/
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https://title24stakeholders.com/measures/cycle-2022/nonresidential-high-performance-envelope/

Thereoitskeade change proposal under considerat.i
t hhati f addpltnecd ,é awceo f | nrseugluaitrieormeonntrse sfioddent i al
buil dditndgs me of roof meghaoewmertons ruction st a

2.1.4.2 Relationship to Requirements in Other Parts of the California Building
Code

There are no relevant requirements ifmoother p
either of the two submeasures.

2.1.4.3 Relationship to Local, State, or Federal Laws

Cool Roofs at Roof Replacement

Themwertehree | ocal reach codes in placé@i theough
2 4, Patrandamd sone undé&rthkt @e2tpdlPdhtamatS | mpose a
mandatory requireBensbéaoe aodlayep oclbatiedso under
the 201%9e 24t awdhandsH, but they do not include
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Tab9dkescri bes the reach code reqlijemesdiscbiyol

Assembley:OBBUIl Il ding Energy Efficiency Standar d
(AB 660), aut homemnb éry Masrse mbd wi ne, was passed
Assembly in.Mad8heotbi201%%as dropped fromoconsi d
shifting prioriti-2a9 A8 & 6B aweduglddohfatCa¥viep

Energy Resources Conservat i onc oamsdi dDeerv ed noepnuenmet r
to the Title 24, Partsé rededéonti akslbapddi hgw
roofs with the goal of increasing the value o
in the 2031 standard and ¢ hef golal mafeexpmaasiinl
mi ni mum aged sol ar reflectance values are pre

Roof Insulation at Low-Sloped Roof Replacement
There are no relevant | ocal , stat e, or feder a
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Tab9&ummary ofi Gede

Requirements for Cool Roof s
Ther mal Emi ttance)

( Mi ni mum Age

Ste8pop SteSpop Lovel opt Lovsl op
) ) . g - Lovsl ope
Jurisdic LovRi se Hi ghi se Stespope LovRi se Hi ghs e P
. . Nonresi d
Resi der Resider

Resi der Resi der Nonresid
LA Count

CZs 6, 8
2 0 1INBe w

construct O0.25/0 0.25/ 0 0.28/ 0.
alterat.i

(Los Ang
County 2
Brisban
C Z3
2 0 Ihee w N/ A N/ A N/ A 0.70/0 0.70/0 0
construc
(City of
2017)
SaMat eo
CZ3
2 0 INoe w

construct N/ A N/ A N/ A
alterati

(City of
2016)

0.65/0 0.6550 0.68/0.

.70/ 0.

0.70/0 0.70/0 0.70/0.

2Q2ZTitl Par#| B@GASE ReiROFEAA |42



2.1.4.4 Relationship to Industry Standards

Nor el evant i ndudotrr yeigthemdarfddg he two submeasur

preparing this proposal

2.1Cbmpliance and Enforcement

When dev
streaml
mar ket a
section
compl i
i mpact v

This dis sion relates to both the cool r
activities that need to occur during each

o
|l op
e the compliance and enforcement
tors who are involved in the proc

c

%

o]

Q
=)
v O O O S5 O
D
(2]

us mar ket actors.

O
c
2]

1 De
re
co
ma

sign Pmmosienst ances roodr & ed ragusle entesed| sa t
t
r
t

sco
e
e

ofits rather than part rodofaiorhdar get o

aindl nebeds aware of Title 24, Part 6

co -~ = =

t h
me

i ance by instal ng

owner for comp
e alternative paths.

ting one of th

T Pertmi ApplicatTbmo®ttaosgr actor submits th
and completes the necessary Cef( CFRAILGat e
OB5).A roof replacemeRHERBotesthohgtandgehe
forwnmsubd compl edteefd WWHRS ir eghsest Byat ewi de
Team has heard that permit requirements
re

Constructi dhebBbé&seg riarcdtoal 66i hhpesyovt em

n
tall atAiLéDnsSE) Ca&B &i &di ng i nssmedtimralcond
peéelbwemer, inspection processes vary
uirimgeamnempecti on and others not re

I
I
[
r
r | acement project.
The
proc

The r
proje
condi
form
proje

mpl i ance process described above doe
s for the proposed code change for ¢

w O T ounvwunmuwwmw S O

® O d® d S S

of ns uwautieqgnu iprreo paodsdailt i onal scope of
of the roof and determine how t

bael aki enhi g r ovoful dEme coorctl vaet avh

n compl w awiuteh otrh & arkeeq winree b W t1 h d

O O —*+ O O
— —h —
O o0 o —
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be additional steps for plan review and inspe
t he i nsppheacstei,.onrHowever, this added requirement
within the existing permitting process and i s
building dEpwst meneguire jurisdictions that d
requiremeimttshe cutra emdpgreicrdes | pti veof@plttahtceate
(CFAAR-DSE) oslme submitted and revi @€lwed at per mi

requirement is similar to what is currently i
rise residenti al buildings, therefore there i
contractors and the building departments.

Currently, d@edwi rcomdn trfoiaglpilrmatse two awlgso pf @d f S

and two cl i mMaase ozpoendefss .f ofThe pr op @seaxn dtohdee c har
current <cool roof requiremersteepb @amidlmev of r oo
slopeadfs tocaddiatieoradlnaslsewlacdpesdfa i nsul ati on
requirement at time of roof replacement to t
buil ding departments in these additional cli
the CALUTREE Certoffi Camel i ancpefmrm application -
no compliancdeifggremedadfe®r reroofing projects.

required, and plans examiners are familiar wi
projects thet HERShoterridgdguwiarti on, the requireme
approving the compliance form wil/| be trigger
Pl ans examiners need to be aware of this and

compliance fonrmnwhdmrs pemimi t .

w
m

It i s possible that the added requirements ma
without applying for a permit. Mul tiple stake
jurisdictions, the percent of rgsidenai permobd
l ow. This is |likely more of a problem with si
all ow for roof replacements t o Ibeslcoopnepd fes ed o
are on multifamily buildings whemhmall &amgemgr oo
Compliancehirghleys Gaempendent on | ocal enf or cemer
be supported by education and outreach progra
depart ments, andl tbuiisl dcrnigt ioowanle rtshaersee osft atkheenh od a
change it iClonitgy azdoptsed.nd buil ding depart ment
relevant requirements in their regions, the t
Contractors also would benefit f riornme niernatisn ianngd
their value toUtbiuliiltdyi nign coeannteirvse. pr ogr ams t hr ou
Part 6 code cycle, and perhaps into the 2022

and support a market transformatiaonohor Local

codesupday a similar rol e.
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2. 2Mar ket Anal ysi s

2. 2Mar ket Structure
Th&tat ewi de QPAeSHeolreramar ket anal ysis with the g

current technology availability,, candtetheowprod
standard would affectl nhdi madiuan was kgat hhet @d
i ncrement al cost of complyEsgi watkest boé paopes

measure apwdriedabtlifigd through researcechl and o
incl wdiingty pEogrgwm €boammfssion staff, and a w
actors including roofing contractors, roofing
and consultant. I n addition to condGASENg per
Team di scussed the current market structure a
stakehol der meetings that the Statéew@il@8e CASE
(St atewi de CASH Slteaatne w2i 0dle9 aQA S K Slteaatme w2i 0d1e9 bQA S E
Team 2)alndpta)r c,h 502Dt at ewi de CASH Slteaatnme w2i 0d2e0 aQA S E
Team 20(20tha)t ewi de CASE Team 2020¢c)

The residenti al roofing mar ket owlsom@dhpeeped o0
sl opedbfs. Single family -shloodpeesT haer et ypprei noafr irloyo fsi
n mul tif amidleyp emudielndi roqs tihe bui | dsitnregelpoypee and
andowl opeadfs are typisealbuwil2dhOmgesRe sTideent i al Ay
Saturati(o@alSitfudryni a EnerggsCiomai ssi mhita®dD®)per
single family homes and 31 percent of multifa
can be used as a surertpgpwme ftso Oddit dreed ped f or ma
alteration projects with new or alte2@Hd3roof s
and 2016 code cycles 78 percent -rnifseimuwltei ff ami
projectst empbopeod(fGGal CERTS 2020)

Stespbogexd sting residential roofs are amrdedomin
met al products filling most of the remainder.

A 201tudy puwlyl iFslkeed omipp drStdse mand oswrope@dfing

products by product, man Feteedamd ag «hi gsnt goprid iCda9 )
data for 2008,sRdOws3,t hhaatd 2D 1t80 e%H dprert a @fht n o f t
| owl oplemdand represented by bitThme nmemairmedern nig:
made up by 2 percent TPO and PVC, 1 apleracnednt b
ot her roofing products. This study is nationw
di ffer, but California Speeifffiec dltbad swad yn dty
t he National Roofing (CRCWMN)Baedhtoir ma tAlsé olicd img @ otn
segment d osvl otploed fmamr dneatt i oweartee pr esenhedmbpgl asti
pol yol ef iant, 300 pEePrDcVe mtugltb &5 percent | modi fied
percent, and buil t (udpgt zr,ooDuitntgo na ta m7/e pDe&REifesn t2 0 1 8
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sturdggpresentheedbioddnti al amad ked maedcidales not di
bet ween new construcdhenplai kaaldy & Ifdeerreanscseoinis e s e
mar ketgr swat &r mafrokretsisnhgalree pl yEPDMf sen( @ P O, PVC
commercial and new dbomnst magt ipamtp raofjifgecrieensgcr i b
results from these two studies

|l nsul ating tlhewlroompead fde ciks otff ypi cally accompl i sl
i nstuilean board omsspraayofhoamhere are three maj
insul ation that are most commonly applied in
polystyrene (EPS), extruded polystyrene (XPS)
pol yur etahmanentfegrates the insulation into the
flashing. When the roof deck does not provide
[

nsul ation system may be used.

There are many manuflacwlucmadt ¢shlpap epab Didn g e
system components and various trade associat.i

associations include the National Roofing Con
Roofing Manufacturers Association (ARMA), RooO
Cafloaornia (RCAC), Associated Roofing Contractor
(ARCBAC), Cool Roof Rating Council (CRRC), an
(CMRC), among others.

Thereovaare 13 million existing resi dAgmteinali xdwe |
A) . It is estimated that 7 percent of resident
each (yRaafi ng Con.t rTahcitlsda ryr e2s@ul H)ew roofs for 920
dwel ling units in California annually.
Roofing contractors are the primary mar ket ac
code change proposals. They typically corresp
i setpri mary decision maker, and make recommen
repl acement roofing systems. Other mar ket act
examiners, and building inspectors.

2.2T2chnical MVeaa kielt i |Aivtaainlda WCiulrirteynt Pr acti ces

2.2.2.1 Cool Roofs at Roof Replacement

The Statewide CASE Team conducted a stakehol d
manuf acaondereofing i ndusTtrrayd er eapsrseosce nattai toinvse si.n t
include ARMA, RCACpnngeeal ARCBACe was support f
current requirements to @madtdiitmomadsichg mtah e ss tzt
solar reflectance requirements at this time a
all ow for Ifnhcewxsgbainftiatugogpyeee d concern about the h
residenti al roof replacements that are not pe
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statewi decoWhi Ire@otf@atairfkoertniian i s | arger than i:1
countr yhas not grexwme @atsednu cwhiash may |paacrkt ioal | y
enforcfeonentoof r.Egppaondmagtshe climate zones wl
required can support market growth.

The Cool Roof Rating Qowrhcitl edOQRRCE) oin:ala omgmn

i ncomrgpted Ato i mplement and communicate accur g
rating systems for roof surfaces, support res
resource for info€Cmalti BRoobnRabiohh@migGoguncil n.d

manufacturers register their products with th
met hodol ogi es and reporting standards are con
database of products is updated daily. As of
produouegs stered in the CRRC database. Of these
Title 24, Part 6 coolomrsrtoesflpompengbufiirnegme nlt8s3 f or |

manufacturers are represented in the CRRC dat
maj or roofmamufpa otdwrcear s. The distribution of ¢
Fi gar e

Of the 2,636 products that meet the prescript
me ertequi r e nteomstl so pfecdtrf i ng and 2, 465 products mee

st eelpopodfing. 62 percent of producltosw are | is
sl opadlt eevlpopaedtal |l ati ons. Phegse filmudlduaepdi regl
asplhtai ¢c membrane, and met al coating product s,

commonly i howhbpeodfen
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2,500

2,000

1 Fluid-Applied Membrane

1,500 m Polymer/Composite

m Asphaltic Membrane

u Asphalt Shingle
Single-Ply

1,000 uTile

m Coating

u Metal

Number of Products

500

Steep-Sloped Low-Sloped

Fi gw®r eNumbé@RR®@efgi stemredlucts that meet current
mini mum criteria for aged solar reflectance a

SourCeol Roo€oRatikhg

FigBaeBHBi gdskow data from Cal CERTS on alterati:
addition projects that complied with Title 24
figures shotwageheofperecvenor altered roofs in the
current prescriptive reqguirements for aged so
separ atsdleglpomed ol opo@ddbf s and the 2013 and 201
(CEBERTS 2BQtOH figures show a trend from the 2C¢C

increasing percentage of projects installing
compl eted prescriptively and would not be reg
thdasta is not available on a statewide basi s.
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Steep-Sloped Roofs
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o] aged so

Low-Sloped Roofs
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FigurePercent of lab-tvleo gebdodrs nenw exi sting plus
alteratiaormegprsajeeacetd with Cal CERTS in the 2013
meet the current prescriptive requirement for

Source: C@QC&ERGEBTS 2020)
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Stakehol ders provided feedbaakaitlhal do-dvlihteyeed far e
roofing products that meet the Title 24, Part

project is i4pdtyalmeimbg amesirrmoplfei tds highly | ik
speciwfoiuenéet the cool rlofo fi msetqauli lriemge na smodi f i e
cool-rmoefd cap sheet is applied.

Fost eelpope@addbf s there are more tile and met al r
asphalt shingle products. Stakeholders provid
prdoucts that meet customer needs can be chall e
are many products available (127 prodeeps cer
sl omsphalt shingle products that meet the coo
al ways available based on customer color prefe

2.2.2.2 Roof Insulation at Low-Sloped Roof Replacement

The Statewide CASE Team conducted a stakehol d
and roofing industry repeewastamppeyt nigont ene
current r efqgouri rtheimgehn r € si dent i al itnbsouwi astei on r equ
buil dings as | ong as exceptions similar to th
There are technical consitdrirakn@nns aovfhean i exir £t
with added insulation. These include adjust me
skylights, penthouse and parapet walls, and r
wall s, the fasci®ualdo needs to be re

Theomresi denti al roofing industry is familiar
in Title 24, Part 6 since the 2008 code cycl e
base for how to detail the technical <consider
nsul ation products available that are used bo
repl acement s.

The Statewide CASE Team i s proposing a number
requirements that are similar-t ¢ atdeendeixails tainndg
nonresident.ODaprhuwmialrgiitcdpaedé mi nate the referen
mi ni mum base folfa sehiignhgt nldeniicghtettsead use | anguage
an exceptibe available base fl ashi €qal héioghmti ad
Building Code requirements. California Buil di
heights in certain conditions, but mostly ref
procedures. This change all ows fodefthanbebibd
manufacturer installation procedures and best
that the contractor conduct due diligence on
appropriate justification to tkerlkgulediteg. dé&pm
stakeholders indicated that a base flashing h
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on existing residenti al roofs, but that even

amount of insulation, typirmald yhepotbheoneri ma
relative to the exirsitd eqgr exickgndisaads rdtrdda Imaboguh |
|l nstead of waiving the roof insulation requir

flashing heights are nducenetthe trheeqg-dpirrogpmesmtl tics
2.2M3@8r ket I mpacts and Economic Assessments

2.2.3.1 Impact on Builders

Buil ders of residential and commercial struct
t hmeasures proposed by the Statewide CASE Tear
within the nor mal practices of these business
changes in building codes. When necessary, bu
and training in order to remagrnactoinpds aaand wid ui
codes.

Californiads construction industry is compris
and 860,000 emp@mbt @¢des 2(0slePepaytr ot &1 was $80 bil li
60, 000 of these business establishments and 4
residenti al building sector, while another 17
empl oyees focus on the commerciahmesaeatsoandThe
empl oyees work in industrial, utilities, i nfr
(industrial sector).

“‘Average total mont hly employment in California in 2018

represented 4.5 percent of 2018 empl oyment.
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Tabl@e Cal ioonrsntiraucti on | ndustry, Establ i shment
Payrol |l

Annua
Construction Sect Establis Employn Payro
(bil I
Residenti al 59,287 420, 21 $23. ¢
Resi denti al Bui | 22.676 115, 77 $7. 4
Contractors
Foundatlon, Stru: 6. 623 75. 22 $3. 6
Exterior
Building Equi pme 14, 444 105, 44 $6. 0
Buil ding Finishi 15,544 123, 77 $6. 2
Commer ci al 17,273 343,51 $27. ¢
Commerci al Bui |l di 4,508 75, 55 $6. 9
Foundation, Str ui 2 153 53. 53 $3. 7
Exterior
Building Equi pme] 6,015 128,81 $10. ¢
Building Finishi./ 4,597 85, 61 $6. 2
l ndustrial, Ut i i
& Ot her 4,103 96, 55 $9. 2
l ndustri al Buil d 299 5, 864 $0. 5
UtilityCoSywsdtreumt i 1,643 47,61 $4. 3
Land Subdivision 952 7,584 $0. 9
Hi ghway, Street, ‘
Construction 770 25, 47 $2.4
Ot her Heavy Cons- 439 10, 00 $1.0
Sour(cettate of Cal i fDewdlaqgp rEenptl oaneartt ment n. d. )
The proposedecghcaonogie rtooof s and roof insulation
repl acwoelndk el y easfifdeat i doédwosu hbodtt | mpact commer c
builders or firms that focusrpobal cbastduoggs ponu:
systems, public infrastructure, or other heav
buil di ngwoiunhdous threy f el t by all fiwomdedand wor ker

concentrated in specTédabkkbBhowgsthyey sebsdenori al
Ssubsether St atewi dex@phts& beammpacted by the ch

proposed i nBetchaiuss grrebpghaerste.d code requirements co
atoorf replacement, they are expected to i mpact
residenti al remodel ers to the extent that the
repl aceflmeentS$St at ewi de eGASEaTeamdd t he magnitud:e
i mpacts airfe cilficoZBcdonomi ¢c .| mpact s
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Tabl® Size of the California Residenti al Bui |

Resi denti al Buil Establis EmployrAnnual f
(billi

Residential Remo 11,122 52, 13: $3. 0

Residential Roof 2,208 16, 81 $0 8

Sour(c®tate of California, Empl oyment Devel opment Department 1

2.2.3.2 Impact on Building Designers and Energy Consultants
Adjusting design practices to comply with <cha

the nor malofprbaiatiidiensy designers. Building code
Energy Code) are typixadd yr aipidaiterd oyclae tdanmcae el
designers and energy consultants engage in co
to remain compmlgieant owidelsi gim prcaadteisces and bui
Businesses that focus on residential, commerc
design are contained within the Architectural

[
[

Classifica%4b3aT@pEBdBddmws the number of establi
empl oymadttotal annual payroll fdhpBwiplodieng A
code chanpget swouil abhl gub@mpaaentsf wi thhiitne ctthuer aAr cSer v
sec.iTeonre St atewi de CASE hieenprafcd mtei criepsatdeesnt i al r
repl acement sobmééascactesirsmangtlheatli afmoidsys acmrd | ow
mul ti €tamstyucti on.

There is not a North iAnaetriiocna nS ylshtodeuase (rNyp leGd $afsisd

energy consultants. I nstead, businesses that

energy efficiency are contained in the Buil di
541350), which is conmeprrgasgeedd oifn ftihremsp hpyrsiincaarli |i
residential and nofhtesisdoanmti ploslsuibl @i n@gs det er
establishments within the Buildingnlermsergyion
SNAI' CS ssanhbard used by Federal statistical agencies in
the purpose of collecting, analyzing, and publishing si
NAI CS was development jointlcyathyont hPeolU.cS. Chocnom amiece GlEaC
Canada, and Mexico's Instituto Nacional de Estadistica
comparability in business statistNAIsCS moenpgl atcheed Nohret hStAa
Il ndust rsiidli c@ltdson (SI C) system in 1997.

SEstabli shméhis s eéecatsdrneismscelsu e i neawa ll wa teinngga gee db uinl di ng o s
and component systems and includes energy efficiency i
services. This sector does not include establishments |
pests, hazardobhsrwasvesoomeaoanadioednittami malt ede st ate an:t

government entities that focmupl ioaandeal/i ¢ dfi mrgc ®eme rrtnead fg yb i
regul ations.
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ef fici encyThceo nisnuflotriwmagtTiaobrl Zsrhoovi des an upper bo
indication of the size of this sector in Cali

Tabl2Cal i fBuini @i ng Designer and Energy Consul't

Sector Establis EmployrAnnual P
Mi I 1ic
Architectu al Se 3,704 29,61 $ 9
Buil ding | nsplect 824 3,145 $0 2
Sour(c®ttate of California, Empl oyment Devel opment Depart

a.Architectural Services (NAIESt 64 184dt0abliciosnpme stes pPmrii m
in planning and designing cemmeeat ala] ,andsitndwsioinal
structures;

b.Building Inspection Services -ge\NAtl CrS &#At1aBBI0i)s lcrmenptrs spe
engaged in providingnobnuielsdiidnegn t(iraels)i diennstpieaclt i®&n ser vi
aspecft st he building structure and component systems,
services.

2.2.3.3 Impact on Occupational Safety and Health

The proposed code change does not alter any e
regul ations peytamadoi mgalktohsaifecl uding rul es el
Division of Occupational Safety and Health (C

rulwosut dmain in place. Complying with the prop
anticipated to hawnetdaeverasetiymmpactheal th of oc
involved with the constructi on, commi ssioning

2.2.3.4 Impact on Building Owners and Occupants (Including Homeowners and
Potential First-Time Homeowners)

According to dat@erdgwan tAmerUi.cSan Community Sur

were nearly 14.3 million housing units in Cal
occupi eldab(lsgee Most housing unwéese(dgmagllyy 9. 2 n
homes (either detached or attached), swhile ab
containing two to nine iumimwsl tainfda i. |15y mb d il li dinn ¢
more units. The U.S. Censusanridporatneadd 5t0h &t0 05 9nu
homes were constructed in 2019.
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Tabl&Cali fornia Housing Characteristics

Hous iMe@sur e Esti mat
Tot al housing 14,277, 8
Occupied housi 13,072,1
Vacant housi ng 1,205, 7¢
Homeowner vacs:e 1. 2%

Rental vacancy 4. 0%

Units in Struc Esti mat
lunit, detache 8,177, 1¢
l.unit, attache 1,014, 9¢
2 units 358,619
3 or 4 units 783, 963
5 to 9 wunits 874,649
10 to 19 wunit s 742,139
20 or more uni 1,787, 81
Mobil e home, F 538, 603

Sour(c2018 American Community Survey n.d.)

Tabl&#4hows the distribution oAb€atiitbrpencéome
California homes were built in 2000 or | ater

and 19B8. maj oriiftoyr nafadGalexi sting hous$SbBAf@ stock
of the total) were built between 1950 and 198

economic growth in California,. Finally, about
before 1950. Apoepyrdinglfo2&29, more than half
mul tifamily buildings (those with five or mor

t heweerneco bui l ding ener gy( Galfiifcoremicay Enearngdya r Qosmr
2 09)
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TabléDi stribution of CaViidtoagme a Housing by

Cumul at i

Home Vi nt ac Uni t s Percer

Percent
Built 2014 or 343, 44 2. 4% 2. 4%
Built 2010 to 248, 65 1. 7% 4. 1%
Built 2000 to 1,553, ° 10. 9% 15. 0%
Built 1990 to 1,561, ! 10. 9% 26. 0%
Built 1980 to 2,118, ! 14. 8% 40. 8%
Built 1970 to 2,512, : 17. 6% 58. 4%
Built 1960 to 1,925, ¢ 13.5% 71. 9%
Built 1950 to 1,896, ¢ 13.3% 85. 2%
Built 1949 to 817, 27 5. 7% 90. 9%
Built 1939 or 1,299, ¢ 9. 1% 100. 0%
Tot al housing 14,277, 8100%
Sour(c2018 American Community Survey n.d.)

Tabl®hows the distaindutriemrt epfi edwme®musi ng by ho
i nco@weerall , about 55 percent-ootugaedfandi ahaéc
of owmewpancy germrarsals|l wiitm househodcdc u pnacnocnye .
rate for households with income below $50, 000
occupancy rate is 72 percent for househol ds e

Tabl®Owneand ReGccupied Housing Units in Calif

Household I n Tot i Occévnnpei OcRceunpti
Less than $5,00 391, 2 129, 07 ¢ 262, 157
$5,000 to $9,99 279, 4 86, 334 193, 10¢
$10,000 to $14, 515, 8 143, 007 372,80:
$15,0809t 8699 456, 0 156, 79( 299, 28¢
$20,000 to $24, 520,1 187, 57¢ 332,55¢
$25, 000 to $34, 943,7 370, 93¢ 572, 84¢
$35,000 to $49, 1,362, 590, 32°¢ 772, 13¢
$50,000 to $74, 2,044, 1,018, 1 1,026, 5
$75,000 to $99, 1,601, 922,60¢ 679, 03¢
$100,000 to $14 2,176, 1,429, 2 746, 89¢
$150, 000 or mor 2,780, 2,131, 6 649, 08¢
Tot al Housing L13, 072 7,165, 6 5,906, 4
Medi an househol $75, 2 $99, 24°¢ $52, 34¢

Sour(c2018 American Community Survey n.d.)
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Understanding the distribution of California
household income is critical for developing m
i mpacts asspropodteedwecodthe changes affecting re:
code changes speciffaimidlyl yort amud ati faaimmdlye resi de
counts of housing unit3abyPboividiesgthegpensloowm
necessary to quantify the magnitude of potent
for owners and renters, by home vintage, and
provi dadléeamdabl®

For Califoshiaheecodenhblkarsgas ewwhate CASE Team
for the 202r2e gcwldeetrlidgral € i n | oWwhenehemgygpwhetl bs

buil ding occupants save on ener gy hkeirlelbsy, t hey
creating | ombisc agirdo vetclo nfoor t he Cal i fornia econc
be particularly beneficial to | ow income home
portion of their income on energy bills, ofte
someti mes go nweictehsosuitt ioetsh etro save( MdD@yi dtoirom,ne
Nati onal Energy Assi.stance Directors 2011)

2.2.3.5 Impact on Building Component Retailers (Including Manufacturers and
Distributors)

The Statewide CASE Team ant iwoiuhatves noheapreopa
i mpact on Californiapacompomenta sét gihlten sicr eas
activity for manufacturers of <cool roof and i

2.2.3.6 Impact on Building Inspectors

Tabl@asahowsmpl oyment and payroll i nformation for
agencies in which manal iaamlsd eccammesr wifalr ebsu idleditr
employed. Building inspectors participate 1in

aspects of building regul ati &dnsa,t eiwn adllea &MBSE e n
therefore, anticipatwouhtalve rpirinngpgeasdd omnh eemgpd oy n
of building inspectors or the scope of their

i nspections.
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Tabl@Empl oyment in California State and Gover
Building I nspectors

Annua
Sector Govt Establis Empl oyn Payr ol
(mi | I
Admini strati St at 17 283 $29.0
HousPnggrtams Locs 36 2,882 $205.
Urban and Ru St at

Devel o Amek i 35 552 $48. 2
Loce 52 2,446 $186.

Sour(c®tate of California, Employment Devel opment Depart

a.Administration of Housing Programs e(sNAabCS shxtelnltt) co

primarily engaged in the administration and planning
and standards, housing authorities, and housing prog
b.Urban and Rural Devel opment )Adcnoinnpirsitsreast igoonv e(rNMAMeths 9 2
establishments primarily engaged in the administrat:i
and rural areas. I ncluded in this industry are gover

2.2.3.7 Impact on Statewide Employment

As desciSiebe¢@oi@sth.rlodi.gh,t3hes St at ewi de CASE Team
anticipate si gemitf iodardti nemrlicaymi mpacts to any

California economy. This is nwotuhodo bBayet mades
i mpacts on employment 2i.mt@eal Gt edrereiCASEI n Secti
Teaenst i maavelde proposedoaclhamgef iaand i nsul ati on
roof repwawc&ihieendt st atewi de empl oyment and ecc
indirectly through its impact on builders, de
i nspeomt cardsd.i hle o8t at ewi de sCAsBavee@amer gy savings
associated with the proposed change in cool r
repl acwaoaneind | ead to modest ongoing financial g

which wouldaithabl def ar ot her economic actiwvit]

2. 2Ed4o0nomic I mpacts

For theo@622y8Btet evh¥dEe Tesend t he | MPLAN model
along with economic information from publishe
devel oped estimates of the economic I mpacts a

chandgWmi.l e this is the fiCASE ctoddemcdevel oms wds

I MPAN (I mpact Analysis for -PUutapuwiednmu seaf ttwarees tii snad re it
effects of proposed MPILIAN iiess tahned nporsotj eccotnemonl y used eco
due to itsamésttenmnsi wesedetailed information on output, e
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of economic iIimpacts using | MPLAN, it 1is impor
devel oped for this report are only estimates
extent specul ative informatilomprovnmndaddiatirehat
simple representation of the California econo
is confident that direction and approxi mate m
i mpacts are reasonable, it is INmpodtdnt st@ un
simplification of extremely complex actions a
and other organizations as they respond to c
aspect of this econoMithoaesyl yni yentseg vBARBET o n .
regarding the |ikely economic benefits associ
foll owing this approach, the Statewide CASE T
presented below represent | ower bouncddeswtitrmat
this proposed code change.

Adoptitcdhn sofcodeprepmhawaglkedsult in relatively mode

i mpacts through the adtdhbseenah Htheectessdentdian
remodel ing industry andl bas lidn diigr @ mntslpye ca 0 rrse s i
or some of the money saved through | ower wuti/l
act i vlihteirees . may al sea else demme anomustomers that e

osedhaogewever,
cts to be mater
tablETable
mated addit.i
that there would
as a direct result
construction
i ncrement al cost an
Estimated i mpacts t
required for plan r
buil.8Bongmul tifamily
unit because
buil ding

prop
i mpa
i mpa
esti

basi s. Rev

alnadbl @ emonstrate
onal
be

isseccrt eotsp eannddir pege ibdye st bas ed

project

t he
al ly i

St ateavandte E&ASHEHcihpamedc
mportant to the bui
etenbmesedi mpat
s  enmedai sneigl bf ersoem fti hgeu rperso paosss
no reduction in the numbe
of tHhsetsiemaptreod oisrema ctosd et @ htat
on t he

d energy savings presented
o building inspectors are

eview and i nopeaatuildn fami 1%
projects the additional t
submittals and Complianc
iews and i neplkweitl oinsg wi | |
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Tabl®2 Estimated I mpact that Rdofpitnga&Solmdlhled Praoyweoserd t he Cal i f ol
Construction Sector

Tot al

. i L I
SuiMeasur Type of Economi ¢ Empl oy rig rotl abqr . Adde _Ou
(mi I | , . ( mi |
(mi ||
Direct Effects (Ad
Residential Builde 300 $19. 26 $32. 46 $5 2.
Cool Roof Indirect Effect (A 116 $7. 43 $11.509 $2 0 .
Requiremefirms supporting R
St eBlpoped | nduced Effect (Sp
Roof s empl oyees of firms 142 $7. 93 $14.20 $2 3.
Adirectod or Aindir
TotRUdbmeadurpea ( 58 $34. 62 $5.82 $ 9.64
Direct Effects (Ad
Residential Builde 9Q $575 $9.34 $ 1 508t
|l ndirect Effect (A
CooI_RooffirmS supporting R 348 $229 $3.M $6.10
Requireme
|l nduced Effect (Sp
Lo8l opRaof )
empl oyees of firms 427 $239 $428 $6.51
Adirectod or Aindir
TotRUdbmeadurpea ( 1,67 $ 1083 $1 766 $ 2 829
Direct Effects (Ad
Residential Builde 1833 $1149 $19®2 $321.
Roof I nsulndirect Effect (A
Requireme firms supporting R 707 $4.5385 $70.638 $125.
Lol opRaof| nguced Effect (Sp
empl oyees of firms 868 $4.841 $86. 62 $144
Adirecto or Aindir
TotRUdbmeadurpea 3408 $21R $3582 $588
Total Econom 5,642 $349. 7 $588. 2 $974
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Source: Analysis by Evergreen Economics of data from the | MPLAN V3.1 model in
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Tabl@Esti mated | mpact
|l nspectors

SuiMe asu

Cool Ro
Require
f oSrt e-e p
S|l opRdao f

Cool Ro
Require
f oLrow

Sl opRdao f

t hat

Type of Ec Empl oyn

| mpact

o =
- — 5 =

O o0 n
— ThOoO T ma o

OO0 SO Q7T = OocCc —TO0
— =~ O — ~ ~
S

Qwo—~ ooom
-~ —nomwso —

—a 53 —0 —_ ——

CIWS €E<P>»S S >~
S
@m

o —~— Wo—~— —o—QU

—TTOT T Q —

u
e
I
I i ng |
Bureaus an
Depart ment

TotSd b meas
Il mp a

wo—~— —o—0QU
C< »>5 o< >~

oo o o -
—— o T wao
o ——= oc —O0
—_ =~ ] O — + ~+

ARopthi omge i bvee | Br bpoeedn Cali fornia

Lab«

|l nco

(jJol (mill

$)

7 $0. 6
1 $0.0
4 $0. 2
12 $0. 9
6 $05 9
1 $0 .51

Tot
Val i
Adde

( mi

$0.

$0.

$0.

$1.

$0 70

$)

4 (

3 (

$00 8

OQut p
(mi I |
$0.97
$0. 15
$0. 65
$1. 77
$0 84
$0 13
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SuiMe asu

Roof

l nsul at
Require

f oLro w

S|l opRdao f

Sour ce:

Type
| mpact

of Ec Empl oyn

l nduced Ef
(Spending
empl oyees
Buil ding |
Bureaus an
Depart ment

TotSd b meas

O o0 n o =
—ThO TToTC Wm0
OO0 O O~~~ dOc —O0

C3IWS €E<P>5 S >
- < O o

WO —~— mwo—~— —o—~0OJU

—TO T Q T

Il mp a«
Ef f
n
i
r

— =~ O — ~ ~
>

0
d
0
t

0
S
g9

-~ —0womnso

® >
wam

[
I
t
c
[
m
n
d
[
e
n

g |

Bureaus an
Depart ment

TotSd b meas

Tot al

Il mp a«

Econom
Analysis by

(jol (mill

5
27

Evergreen

Lab«
|l nco
$)
$01 9
$08 3
$0. 3
$0.0
$0. 1
$0. 4
$222

Economics of

Tot
Val i

Adde QFTP
(mi g (mibhi
$)

$0 34 $05 6

$ 11 2 $ 15 3

$0.3( $0.44

$0.0« $0.07

$0.1¢( $0.29

$0.5( $08.0

$3.0( $4.10
data from

t

he

I MPLAN V3.

1

model i n
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Tabl@Esti mated | mpact
Cali fBesiadaent s
SuiMeasur Type of Econo
Direct Effect s
spending by hc
I ndirect Effec
busi nesses to
ggg:ﬂ?g?n:additional hot
spendin

St e-8lpoped D 9)

l nduced Effect

Roof s
empl oyees of [
experiencing T
effects)
Tot&Uu b meadurpa ¢
Direct Effect s
spending by hc
I ndirect Effec
busi nesses to

Sgghifg%:additional hot
spendin

Lowl oped P 9)

Roof s I nduced Effect
empl oyees of L
experiencing f
effects)
Tot&d b meadupea «

Roof I nsiDirect Effects

Requireme¢espending by hc

Lowl oped | ndirect Effec

Roof s businesses to

t hat

Empl oy g rotl

225

80

92

397
1,527

543

621

2,691

1,849

658

ARopti omge i bve e | Br bpoee dn

Labor |l Tot al Val
(mi | I (mi | I
$11.66 $21. 45
$5.50 $9. 13
$5. 12 $9. 16
$22.28 $394. 7
$ 7.99 $ 1 4356
$327 $6.89
$ 3.420 $6.29
$ 1 5010 $ 2 6394
$95.67 $175. 97
$45. 12 $74. 93

Di screti on:
OQutp
(mi I 11

$34.56

$15. 37

$14. 96

$64.89

$ 2 3149

$ 1013

$ 10317

$ 4 3699

$283.50

$126. 06

2Q2ZTitl Par#| BGASE ReiRAORFEAA |42



SuiMeasur Type of Econo Empl oy rfg rotl Labor | Total Val. Out p

(mi | 1 (mi || (mi ||
addi tional hot
spending)
I nduced Effect
employees of 752 $42.01 $75. 17 $122. 72
experiencing 7
effects)
TotSUubmeadumpea « 3,95 $182.80 $3286.0 $532. 28
Tot al Econom 6, 347 $358. 0 $635. 1 $1, 036. 8
Source: Analysis by Evergreen Economics of data from the | MPLAN V3.1 model in

2Q2ZTitl Par#| BGASE ReiRAORFEAA |42



2.2.4.1 Creation or Elimination of Jobs

The Statewi dedoCASSE daerbmci maa uptrécaptof sbendet h e
2022 cyopdrkeegulvaduloehad t o the ¢typafsijonboformetwhe

el i mineii gty mdgs of | obs. I n other words, the .
proposedwobhdgeresult in economic disruption
economy., Raheheasti mates of ecoBemtZX.oh.mpacts di
woul dad to modest changes i n employment of ex]|

2.2.4.2 Creation or Elimination of Businesses in California

As statedlid, Sedtei &h at ewi de CASE Tweoaunhddst pr opo
result in economic disruption t o Tdogyopmedt or o
chrmege represents a modest kadtange tequooémeonbs$
repl acemewdoyhovthi €edhcessi vely budidseand wantcaogmpet it
Cal i forni ai roowwiud e@ls esessarily | ead to a compe
California businbhbes8tatd@iwedef GAtB Ef dreeasne el oe&risy
businesses being cSteatt ewi,de oA B &Beadntye exi st i n
busi neavoud®e el i minated dwedtchampes proptolsedCal i
Energy Code.

2.2.4.3 Competitive Advantages or Disadvantages for Businesses in California

Thpr opocsoedde ¢ hwaonugleds apply to all busi nesses in
regardless of whether the busines8Ther dfoxrad ed
t he Statewi de CrACStE alrmetainc idpasdses U theas pgrhepesend f o
t h2022 codeegcuyleadeihoshv e an adverse effect on t he
Cal i forni alLbuewnhees sSetsa.t ewi d e o@AdStE alretainci pat e

businesses | ocatedwoubdiaecvarnt Lad¢d dgre dadiasadvart

2.2.4.4 Increase or Decrease of Investments in the State of California

The Statewi deankASEz eTdeanmat i onal data on corpor a
invest ment by businesses that expand a firmés
domesticnitnveogstANPDI2) BB howet weenan2dd 125019, NPDI ¢
a percentage of corporate profits ranged from
percwhnitl e only an approximation of the propor:

8Gov. Code,. 3A(Ac)1(113)4(6C) , 11346.3(a)(2); 1 CCR A 2003(a)((
di sadvantCabetbhud wirmesses currently doing business in the

°Net private domesshtei ct oitnavleé savmeosuinime weE pi t al by tmhd busi nes:s
is used to expand rtaheneadapgihtaasnl matiamdkai n  oQGo rrpeoprl aaticee pdrucef itt
t he moneefytaderfgorpatyisonts expenses.
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capital itnhvee sStneetnetwi ddeCAEepeami des a reasons:
estimate of the proportion of proprietor inco
owners Banttongxpheir capital stock.

Tab2@Net Do mersitvlaatweest ment and Corporate Profi

Net Domest. Corporate Rati bebf Pr

Year Il nvest ment by After Taxe l nvestm

Billions of Do Corporate
201¢ 609. 1, 740. 35%
201¢ 485.0 1,739.8 26 %
2017 509. 1, 84 3. 28%
201¢ 618. 1,843.7 34%
201¢ 5890. 1,820 32%
5-Year Ave 31%

Sour(ckeder al EResemve Data n.d.)

The estimated increase i 8&imnyVéTshoemedhtta tienwiCdad i G/
Team does not anticipate that thereposemi c i m
measwoell dad to shgnpgti antreaise omveettmemats ei) n
directly or indirectly affected sectors of Ca
Statewide CASE Team is able to derive a reaso
invest ment by California business®sneby mul tiop
esti maftedl @ mr ougglhl ®@bove by 31 percent.

2.2.4.5 Effects on the State General Fund, State Special Funds, and Local

Governments
The Statewi dedoCASsGBE @rpeict the proposed code ¢
measur alklcé iompthe Californiads Gener al Fund,
government funds.

2. 2Chbst of Enf orcement

Cost to the State

State government already has budget for code
compliance enforcement woWhidl al sbatae¢i ggversoenmn
update the Title 24, Part 6 Standards, includ
material s damdy rteospauresti ons about the revised
are already covered by existing state budgets
when compared to the overall costs savings an
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code changles . prBepomaswmse the proposed code change
buil dings alone, 1 mpact to state buildings 1is

Cost to Local Governments

Al |l revisions wooutTeistulleg 24n, chhaarntges t o compl i an
Local govwouwhekend st o train building department
Part 6 Standartdsai Wihmd¢ ei ¢ has @expense to | ocal
new cost associated with the 2022 code change
a tribasiisa,l and | ocal governments plan and buc
code is updated. There are numerous resources
support compliance training that can help mit
traiamdigresources provided by the | OU codes ar
Energy Code Ace). 2AslanfBop maelndinx K cfi anewi de CA:
Team considered how the prompasedvaoideushmagle:
involved in the compliance and enforcement pr
i mpacts on | ocal governments.

2.2.5.1 Impacts on Specific Persons

Whil e the obj ecStiavtee woifd ea nCyA SoEf Ttehaerhfs pproaod xa le |
effictilteencyt,atewi deeChAglbhhbeeamhere i s the poten
propocsoeddehangeaey result in unintended consequen
Teamsdoneot expect that thwoptdpobedi subegasuye
on specific persons.

2. 3Energy Savings

The energy and cost analysis presented in thi
released in tiRes232ArCBEOE@Trrsalomagdgecati waBece mb.
2019. These TDV factors were consistent with
Commi ssion presented during their public work
October (TalbkO@da®nia Ener gy TChoennd Isesd torni c2i0tlyd )T D\
not include the 15 percent retail adder and t
the i mpact of methane | eakage on the building

Commi ssion presented dur i ng20t2hOe i rP rweosreknsthaotp oonns
Bruce Wilcox and NORESCO during the March 27,
percent retail adder and methane | eakage woul
measures having l'ightly higher @&®DVueineg gtyhan
TDV factors without these refinements. As a r
in this report are | ower than the values that
the 15 percent retail adder and méamges | eaka
would be more cost effechevEnesgpgCommi sevoBe

w ® - O u o
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t he St &CtAeSviEiecaen on April 91we28@20ntvbatigheing f
refinemehM sf acot or-ysea@mrksobgl 2@®ar miGWP vpad tueerst i a | (
i nstoefadt heedOOGWP values that were usedlto der
i's anticipayyeadart IGAMP tvlaé u2@ may increase the T
making proposed changes that | mpr ovEneerngeyr gy e
savimrgesst ed i n kWhrendmotthearfrmisecta@embdyd TD&ct or s

2. 3Kéy Assumptions for Energy Savings Anal ysi

The ener gy sawehagmssraensgtidytssifsofni a Buil ding Ener
Compliances¢CB®wE&CE si mul ati onsfdro <isnglmatfeaminl
multifamily prototype buildings. Various scen
aged solar reflectance values and roof insul a
condi atomnse @nd roof i nsul athiean ilngvyelviendudtatli @
conditioning (HVAC) system efficiency). The
space heating, water heating, cooking, and cl
the existing residentsie®lp pkeuwidliari &gwr ti me rC ad a tf air |
sixteen climate zones were evaluated though wu
recommended only in a subset of climate zones

2. 3EBBrgy Savings Methodol ogy

2.3.2.1 Energy Savings Methodology per Prototypical Building
The Energy Commi ssion directed the Statewide

i mpacts using specific prototypical buil ding
geometriesehortgpes of buildings. These proto
buil dings and t hejfrtehfeorper oitnotsygnees oneesrees r evi sed
existing building stock relative to new const

St at eASIEe Team used in the admal2ys  Refamre tpr eser
Appendfioxr Gurther details on the prototypes.

Tekse proposals impact single family and mul ti
family alteration prototype, thkhd smeagsaurdesn wer
protofTlygplroiwse | oaded corridor prototype was ng

savings and cost effectiveness afd sex pgeatded t
prototype.
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Tab?2® Protot

ype Buildings Used OdoEnEmneogyenbDa
| mpacts Anal ysi

S

Prot oi Number FIl oor ) . Measur €
Descripti

Na me Stor.i f3 eval uat
Sln_gle stﬁjfg St espop.
ceil2ngaria

. . cool Lroon

Singl « St eelpopeod f sloc® |

Fami | 1 1,665 attic with I

] r odfow
Al t er i | oosvl ope@df
q . sl oped
ucts i n c .
i nsul at
space.
2-st orwni t8
apartment
Average dwe Stesbop

LoaRi s ¢ si Berbt 2. |l n cool Lroom
HVACDEBW yst.e sl opgeeld

Gar dei 2 6, 960 . . ¢

Mul tif 2 var isttaer r odfow
slopedf abo sl oped
with duct ®w i nsul at

sl opedf wit
conditione

The Statewide CASE Team estimated energy and
proposed code change using the 2022 Research
residential b+Rielsdif mgissleo@WBgesGCdeént nahi a Ener gy
Commi ssion 2019¢c)

CBECRegenestawe® model s based on user amtphuet s: tF
Proposed®Dhei §handar d Detshegngeemetersyendfs t he de
the buil derbwiolud dand kiende®rts a defined set of
energy budget that is minimally compliant wit

Features used in the Sedndar dhbPeg0Ddn &esidest
ReferenceTihVManRradposed Dediiegrs ameprgeenett s yt as t
Standard Design, but it assumes t hdee secrseirbgey f e
wi ubBer iTnopudtesv.el op savings estidmatésanfjes, t héep

WCBECRes creates a third model, the Reference Design, t
Proposed Design, but with construction and equi pment p.
2006 I nternational Energy Gdmgemw atei €CASEode am BHCA) .noTh
Reference Design for esnergy impacts evaluati on
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St
pr
Th
gu
re
St
Re

e xi

ca

t hi

Du

whi

i s
su
t h

Th
re
pr
St
ne
s |
pr
ro
De

Co
t h
co

atewide CASE Team created a Standard Design
ototypical building.

e i s an existing Title 24, Part 6 require
tion, so the StandardwbDeéedfi ghei 20mOniTmal ey
iremewwgscept fomrm al tEomatsiomgl e family buil
dard Design applied in this analysis diff
software in one respect. tTheioexi asisngneadn
sting home (10 ACHS50) +Rse sn cStt arnafalrelc tDeeds i igm
cul ation per muhfeaiMMNAM rbudielsdi nFgosr t he Standar
s analysis differs fronRetshastefctamacromh atreas p &
t work was | ocated within the vented attic,
l e thRe€BBEC&@ndard Design for multifamily b
|l ocated withimheoaetflot e pntwo scponouaul catteido nfso rwee
bmeasure: one to represent the revised Stan
e Proposed DiAeppegmdioRe@Galditto onal detail s.

S5 C »n =

e
e
q
a
S
|
I
|
c
|

e Proposed Design was identical to the Stan
visions that represent t hlea bR Zonplicasb@® c hanges
esent precisely which parameters were modi f
andard Design and Proposed Dceosndgint.i oSmpse ca sfsiucr
w roof with a thermal emittance otfedp 75 and
opeowabfs ando®wl 6po@bdrs. For the roof insulatio
oposed conditdooenéas sumasdRiensul kahaddeéedbe

of r eddemnittitvange remain the same across the
sign.

mparing the energy I mpacts of the Standard
e impacts of the proposed code iaadndge rel at
mpliant with the 2019 Title 24, Part 6 requ
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Tab22Modi fi cations Made to Standard Design in
Proposed Code Change for Cool Roof s

Stand Propo

PrototypeCI'mParameter Des | Des |

Zone Par ame Par ame

Val | Val |

Singl e AR a mir i AttiCZ‘ 0. 10 0. 20
& L&Rwse Gar NE Refl ect
Mul ti family: Attic:

S| odp e Emittan 085 0.75

Singl e AR a rir | gifgdeZL 0.10 0.65

& L®Rwse Garc Al
Mul t i f anrSilloyp: Cathedral o gg 0. 75

I R Emi tt

Tab2® Modifications Made to Standard Design
Proposed Code Chlamgel dtoiromRoof

Stande Propos
Clim Desig Desig
Prototype ,,,4 Parameter |, e parame

Val ue Val ue
Constructio

Single Fami (Cathedral . N~ R14
Garden Mult Attic: Sol. 0.10 0.10
LoswI| odpe

Attic: IR 0.85 0.85

CBEGCRes cabwho-lngiel ding energy consumption for
measur ed +hno ukrisl opweart tyear (kWh/yr) and therms p
applies the 2022 time dependent wvalwuation (TD
in kil o Barli tuinsiht st hpeerrmyear (TDV kBtu/yr) and a
reductions measured i fRelsi lad wat tge n(ek W)t .e sCEBDXC e
savings values measured in 2023 present value

The Statewi de sCGAfUH aTteead t he energy i mpacts i n
applied tahenelspmdiefi ¢ TDV factors when cal cul
i mpacts.

Per unit energy iIimpacts for single family bui
prototype kuwiiltdiemg.r geri mpacts for multifamily
savings per dwelling unit. Annual energy and
buil ding were translated into i mpacts per dwe
dwel | i ng wurnottost yipne tbhuei Ipdi ng.
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2.3.2.2 Statewide Energy Savings Methodology

The -preirt energy i mpacts were extrapolated to
St atewide Construction Forecasts (tClaat ftomeni Bne
Energy iGssmmn. 20h86dpt at ewi de Construction Fore
the total existing building stock by building
that the 2022 Title 24, Plamtomderqtuo nterm&mg Isa ta
savings to statewide energy i mpacts, The St at
to determine appropriate wei ghahlhey ht acgbdrs fo
TabRé&gresent the prototypical Wwsuad dfirg st haen dc oncel

and roof insulation submeasures. The percent
is 100 percekeami fprssnoglehere is only a singl
multifamily impacted is based on the portion

in buildings three stories or (1€@xS3@GY¥8c)dbeding
percent of prototype Iimpacted by the proposed
2009 Residential Appliance Saturationt&tudy (
determine the brstagkadpowan dboest! voepeend f s saunmdi nags 7

percent of roofs &Reof éeplgac€edtApme inaprixegs@eln3t)s

additional i nf or matoigoyn aanbdo wats stuhmgp t meotntso dusled t o
statewide energy i mpacts.

Tabl2edResi deBwtiiladi ng Types and Associ dtoedthPhrot o
St eSlpop€dol Roof Submeasure

Wei ghting Factors for

TBuli[;dfi Anal ysis

e , .

Sytpatew Bui |l ®Pirmd ot 9 o6 of Bu % of Pro -
Energy Mod T | mpact e Tot

Constru y P P Wei ght

Foreca Represe Propo Fact

by Prot Code Ch
Single Single Fami 100 1. 5¢ 1. 5¢
Mul ti f a LoRi GCar dert 8 & 1. 2¢ 1. 0¢

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



Tabl2ebResi debBwtiiladi ng Types and Associ doedthrot o
Lovel op€dol Roof Submeasure

Wei ghting Factors for

Bui ldin Anal ysis
I D frc . .
StatewBu' | Pirmg ot 9§ o of Bu % of Pr
Energy Mod T | mpact Tot
Constru yp p Wei gh
For ec a Repres¢Proposed Facit
by Prot Chan
Singl e Singl e Fami 100 0.9 0.9
Mul ti f a LowRi GCar det 8 % 3.1 2.6

Tabl26Resi deBwtiiladi ng Types and Associ dtoedtPBrot o
Loviel opRdof I nsul ation Submeasure

Wei ghting Factors for

Buil din Anal ysis

' D T rCayi| Pirmg ot 9 o 0

Stat ew Enet Mog Yo o f Bu % of Pr « Tot

Constru gy Typ | mpact Wei gh

Eoreca Repres¢Proposed Fact
by Prot Chan

Single Singl e Fami 100 0. 8 0. 8

Mul ti f a LowRi GCear der 8 & 2.7 2.3

2. 3P8Unit Energy I mpacts Results

2.3.3.1 Cool Roofs at Roof Replacement

Energy savings and peak demand rTeadb@c@throonwsghper
Tab3@ Theanpgdr energy savings figures do not ac
mar ket adoption oRogsiotmpte anmxleuegsxatiersdi cate enert
negative values indicatEBoant hdasmdgkemteontegrpe
unel ectsraivciintgys f or tshesipop®odIfyse arr ef erxpected tc
frodtan increase ithée&Whetyridepgndsay upon cl in
Natural gas use bnbeemskegr fdemeOditBgakn cl i ma:
demand reductions are expectedkW deapmegred ibneg woenre
climate zone.

Pesunel ectsraivciintgys f orf ohesi nd®6vl § g aobdf nse
expected to6@&amge nfcremse itnd Ccd Vehc/dyerpentdiyngse)

upon cl i mdbddateurzaolnegas use | ntheasdsespyefnrdoinm gl 20 nt o
climat.éeademand reductions are eXfEéVcaeddd 0o r an
kwepending on climate zone.
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Siaecthis submeasure reduces heat gain through

buil ding, heating energy use increases, which
use in all c¢climate zones. There is also an in
which is due to an increase in heating fan en

These savings figures are reifl®dtiave itco oanreexifs
insul ation and ducts | nAptpheendaitith@s e Ame d surde s cv
evaluated against a-lhaseldc &snes uwiatthi obno.t h R

Tab2?2 &St eSlpop€dol RooeYfe aFri rEsnter gy Homa&i sgPer
Family Alteration

Cli ms Elec.tl Peak EI e Natur.a TDV E.n1
7o e SavirDemand Red:! Savir Savir
( kK Wh/ (kW (therms (TDV kB

1 (4 0.0 (4. (1,5

2 28 0.0 (1. 1,6

3 3 0.0 (1. 49!

4 55 0.0 (0. 2,7

5 2 0.0 (1. (28

6 4 3 0.0 (0. 1,6

7 38 0.0 (0. 1,3

8 6 8 0.0 (0. 3,5

9 6 3 0.0 (0. 3,5

10 N/ . N/ . N/ N/ .

11 N/ . N/ . N/ N/ .

12 N/ . N/ . N/ N/ .

13 N/ . N/ . N/ N/ .

14 N/ . N/ . N/ N/ .

15 N/ . N/ . N/ N/ .

16 28 0.0 (1. 211
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Tab?2 @St eSlpop€dol RooeYfe aFri rEsnter gy Dwmpatt sigPh&ni t
LovwRi se Garden Multifamily

Cli ms E|ECFI Peak EI e Naturg TDV En
Zone SavirDemand Red:! Savir Savir
( kK Wh/ ( kW (therms (TDV kB

1 (0 0.0 (0. (20
2 15 0.0 (0. 94
3 4 0.0 (0. 26
4 2 2 0.0 (0. 1, 4
5 3 0.0 (0. 78
6 18 0.0 (0. 6 1:
7 18 0.0 (0. 50!
8 28 0.0 0. 1,6
9 27 0.0 (0. 1,1
10 N/ . N/ . N/ . N/ .
11 N/ . N/ . N/ . N/ .
12 N/ . N/ . N/ . N/ .
13 N/ . N/ . N/ . N/ .
14 N/ . N/ . N/ . N/ .
15 N/ . N/ . N/ . N/ .
16 13 0.0 (0. 20
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Tab2@Lovel op€dol RooeYfe aFri rEsnter gy Homa &t sgPer
Family Alteration

Cli ms E|ECFI Peak EI e Naturg TDV En
Zone Savir Demand Red! Savir Savir
( kK Wh/ ( kW (therms (TDV kB

1 ( 6¢ (0.0 (81 (27, !
2 22 0.1 (42 3,4
3 18 0.0 (31 (2,6
4 47 0.3 (25 12,9
5 (2 0.0 (37 (11, ¢
6 36! 0. 2 (14 10,0
7 33 0. 2 (11 8,5
8 6 3! 0.3 (17 22,3
9 56! 0. 3 (21 14, 8
10 70 0. 2 (22 16, 9
11 70 0.3 (28 17, 8
12 52! 0.3 (31 13, 2
13 N/ . N/ . N/ . N/ .
14 6 4. 0. 3 (41 13, 8
15 N/ . N/ . N/ . N/ .
16 2 4. 0. 2 (63 (14, ¢
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TabB8@Lovel op€dol RooeYfe aFri rEsnter gy Dwmwpad ¢t sigPé&ni t
LovwRi se Garden Multifamily

Cli ms El ectr Peak EI e Natur_a TDV E.n‘
Zone Savir Demand Red! Savir Savir
( kK Wh/ ( kWw (ther ms (TDV kB

1 (7 0.0 (15 (5, 2

2 10 0.0 ( 8. 2,1

3 28 0.0 (5. 2 4.

4 13! 0.0 ( 4. 3,0

5 27 0.0 ( 6. (1,0

6 12 0.0 (2. 3,2

7 12 0.0 (1. 3, 2

8 19. 0.0 ( 3. 5,9

9 17. 0.0 ( 4. 4,5

10 20. 0.0 ( 4. 4., 7

11 18! 0.0 (5. 4,5

12 15° 0.0 ( 6. 4,1

13 N/ . N/ . N/ . N/ .

14 17. 0.0 ( 8. 3,9

15 N/ . N/ . N/ . N/ .

16 99 0.0 (12 (1, 8

2.3.3.2 Roof Insulation at Low-Sloped Roof Replacement

Energy savings and peak demand rTeadddthroomwsghper
Tab32The -preirt energy savings figuresidcdag not ac
mar ket adopti on 08i ncgd nep Ifiaam d efu npartoet soat vyi pneg sp efro r
first year are ex8mBectoe ®,btOo/ 8r &knwhe yfrr catmd 15 t o
depending upon climate zone. Demand reduction
0. 002ankdW O . 4d6e2pekndi ng on <cl i mate zone.

These savings figures are reifldtiave itco oanreexifs
i nsul ation. AféAppendi sdh@ssedneiarsures were evalu
baseline wilt arabd® tRhn KRul at i on. Thlel rbeasswelltisnef r om
analysis were used to define the climate zone
applies; res-ubtbasebmnehweselRef yu sseodnet oo fqut he al |
exceptions. Additional arm@lpesnids xredsul ts can b
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TabB8BeLovel opRdof
Singl e

Cli ms
Zone

PP oo ~N~No o~ wN PR
)

B R R R e
o U h wN

Family

El ect1
Savit

( kK Wh/
8 8
45
11
6 2
91
4 4
40
8 0.
74
96"

Al terati on

Peak
Demand

EIl e Natur a
Red| Savi

( kWw (ther ms

O O O O O O O O 0O 0O o0 oo o o o
R NDNW A ODNPFPW®WEFRRFPRPEFEPODMNOLRLDO

127

99.
6 4.
50.
45.
4 8.
20.
16.
22.
28.
34.
6 7.
61.
45 .
6 8.
14.

| nsul -t eabonne rFgiyr sitmphaacnés

36
4 8
28
4 4
20
22
16
47
4 2
47
6 8
58
72
6 8
75
56

Per

TDV En:
Savi

(TDV kB

r

W 0100 NN 00N 01 01 O O O N oo o O
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TabB82Lovl opRdof I nsul-dteanonERergy DmpatisgPer
Uniiftovwi se Garden Multifamily

Cli ms Elec.tl Peak EI e Natur.a TDV E.n1
Zone Savir Demand Red! Savir Savir
( kK Wh/ ( kWw (therms (TDV kB

1 18 0.0 26. 9, 5

2 14 0.0 16. 12,1

3 41 0.0 12. 6, 4

4 15 0.0 11. 10, 1

5 4 2 0.0 12. 5, 4

6 12. 0.0 4 . 5,1

7 11 0.0 3. 3,3

8 21 0.0 5. 11, 4

9 19 0.0 7. 10,0

10 25 0.0 8 . 11,7

11 27 0.0 17. 16, 7

12 21 0.0 15. 14,5

13 35, 0.0 11. 17,6

14 25. 0.0 17. 16, 9

15 511 0.0 3. 17,8

16 11 0.0 32. 14,0

2. 4Co st and Cost Ef fecti veness

2. 4Ehergy Cost Savings Methodol ogy

Energy cost savings were calculated by applyi
energy savings estimates that were derived us
2.3.2DY¥ a nommbatbeedlenelraggyetavitnlgsst accounts f o

vari adt eofcoel ectrgas tehacchndh omvat wfalt he year, al
costs are expected to chanMg@gd owarr stnHe ad ereisa d
measu.uTehe) TDV cost i mpacts are presented in 20

represent the energy QGdsdaBBRBWiamer gy ad a £te df abovt
0. 17823 PVWékB8tapplied.

2. 4EAergy CostReSavitrsgs

2.4.2.1 Cool Roofs at Roof Replacement

Peunit energy cost savings for newly construc:i
realized geerertitnadl 0 anal ysis are Tparb@fent ed i
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t hrolugh3 @ Positive values indicate (Ciostrae@davi nog
parentihediicgt e an iIMmwrrtelaesre a ma ltyosit sv ad duewniang

dol lcame f owmppendih ITDV met hodol ogy all ows pec
savings to be valued more t lpaemkelpeatiroidssi ty sa

TabB8B8St eSlpop€dol Roof 2023 gRV CoBY @Grehbngs
YeaPreri od ofs RRamgSingéadmi Fy Al terations

CIimeSOYear TDV E 306vear TDV Tot advye a0
Zone Cost Sa Gas Cost Energy Cost
2023%) (2023%) 2023%)
1 (%1 ($2¢ ($2¢
2 $34 ($6 $27
3 $17 (%8 $ 8
4 $52 ($5 $47
5 $ 3! ($8 ($4
6 $31 ($3 $28
7 $25 (%2 $22
8 $63 ($¢ $62
9 $62 ($1 $61
10 N/ . N/ . N/ .
11 N/ . N/ . N/ .
12 N/ . N/ . N/ .
13 N/ . N/ . N/ .
14 N/ . N/ . N/ .
15 N/ . N/ . N/ .
16 $12 (%8 $3
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TabB84St eSlpop€dol
Yearer i od

Cl i me
Zone

0 No ok W NP

R
o N wWNRER O

Roof 2023 PV
ofs RBwélybi nigh oURIi ¢ e

30Year HID&ct1 30Year TDV

Cost Sa
2023%)
($:
$16
$5°
$26
$2.
$11
$9
$28
$19
N/ .
N/ .
N/ .
N/ .
N/ .
N/ .
$5

Gas Cost
(2023%)
($3
($¢

TDV EGwne8mOgy Cost
Garden Mul tif ami

Tot adYea®
Energy Cost

2023%)
($3
$16
$4
$25
$1.
$10
$8°
$28
$19
N/ .
N/ .
N/ .
N/ .
N/ .
N/ .
$3
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TabB88Lovel op€dol Roof 2023 PV SJaDWi rEgrse rgegarC odsh
Period of AHamgSimsglPerFamilsy Al teration

CIimeaGYear TDV E 36vYear TDV Tot advyedo
Zone Cost Sa Gas Cost Energy Cost
(2023%) (2023%) (2023%)
1 ($31 (%4, ! (%4, ¢
2 $3,0 (%2, $59
3 $1, 4 (%1, ¢ ($4¢
4 $3, 7 (%1, ! $2, 2
5 $19 ($2,: ($2, (
6 $2,5 ($8E¢ $1,7
7 $2,1 ($71 $1, 4
8 $4,9 (%1, ( $3, 8
9 $3, 8 (%1, ¢ $2,5
10 $4, 3 (%1, ¢ $2,9
11 $4,7 (%1, ( $3,0
12 $4,1 (%1, ¢ $2, 2
13 N/ . N/ . N/ .
14 $4,9 (%2, ! $2, 4
15 N/ . N/ . N/ .
16 $1,0 ($3, ¢ (%2, !

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



TabB8@Lovl op€dol Roof 2023 PV SJaDWi rEgrse rgegarC odsh
Period of PADwélbki gigt oURiige Garden Multifamily

CIimeaGYear TDV E 36vear TDV Tot advyedo
Zone Cost Sa Gas Cost Energy Cost
(2023%) 2023%) (2023%)
1 (%4 ($8¢ ($9C
2 $85 ($47 $37
3 $37 ($32 $4.
4 $81 ($2¢ $53
5 $20 ($3¢ ($17
6 $69 ($1¢ $55
7 $65 ($9 $55
8 $1, 2 ($1c¢ $1,0
9 $1,0 ($2¢ $78
10 $1,1 ($2¢ $82
11 $1,1 ($3¢ $79
12 $1,0 ($37 $71
13 N/ . N/ . N/ .
14 $1, 2 ($5¢ $68
15 N/ . N/ . N/ .
16 $40 ($7c ($3°

2.4.2.2 Roof Insulation at Low-Sloped Roof Replacement

Pewunit energy cost savings for newly construc!
reali zed3@eerertitned of analysis are Tprb@%ent ed i
t hrolughh3 @ urt her anal ysis mddmiwn algc d ihhéel tveadhrude i n
Appen.dihx ITDV met hodol ogy all ows peak electric
thanteiecty savipremask dwerriimngl snon

These savings figures are reifldtiave itco oan reexifs
insul ation. AféAppendi sdh@sseedneiarsures were evalu
baseline wilt maAd® tRhn Rul ati on. Additional anal ys
Appendi x H
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TabB8B@Lovel opRdof

| nsud Atk bW BRrber gy

Cost

Savi

Year Peri od PoefHoATedSli ymgile Familsy Al teration
CIimeaGYear TDV E 36vYear TDV Tot advyedo
Zone Cost Sa Gas Cost Energy Cost

2023%) (2023%) (2 0 2P3\% )
1 $49 $5, 8 $6, 3
2 $4, 4 $3,9 $8, 4
3 $1, 9 $3,0 $4, 9
4 $4, 8 $2,7 $7,6
5 $67 $2,9 $3, 6
6 $2, 6 $1, 2 $3,9
7 $1, 9 $99 $2,9
8 $6, 8 $1, 3 $8, 2
9 $5, 6 $1,7 $7, 3
10 $6, 1 $2,0 $8, 1
11 $7, 8 $4,0 $11,
12 $6, 4 $3,7 $10,
13 $9, 7 $2,7 $12,
14 $7,7 $4,1 $11,
15 $12, $89 $13,
16 $2,0 $7,6 $9, 7
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TabB8@Lovl opRdof I nsul atTbw BRO&£r3gyVCost Savings
Year Period ofDwerddliynyglL cliRirde Gar den Mul ti fami/l

CIime3GYear TDV E 36vYear TDV TotaWe&(D_
Zone Cost Sa Gas Cost Energy SGost
2023%) (2023%) (2023%)

1 $9. $1,5 $1, 6
2 $1,1 $99 $2,0
3 $38 $74 $1,1
4 $1,0 $68 $1,7
5 $21 $72 $93
6 $60 $28 $88
7 $39 $19 $58
8 $1, 6 $33 $1, 9
9 $1, 3 $42 $1,7
10 $1,5 $52 $2,0
11 $1, 8 $1,0 $2, 8
12 $1, 5 $95 $2,5
13 $2, 3 $71 $3,0
14 $1, 8 $1,0 $2,9
15 $2, 8 $22 $3,0
16 $47 $1, 9 $2, 4

2. 41 Bcrement al First Cost

2.4.3.1 Cool Roofs at Roof Replacement

|l ncremental costs for this measure reflect th
roof that does not meet the prescriptive mini
emi ssivity values wittekelpopeodtilsgt tdhees.oskEar ar e
asphalt shingles, which are used on approxi ma
(Levinson,. eEstnimatt@€d6g¢osts were collected fr.
including recent (gRCh200&€) 20856phyiesvi e Reach
Code Teain 2@ti9)he 2013 residen{babatewdbter GABE
Team 201aae¢gf irngg contractor during stakehol der

research. I ncremental costs for cool roofing
square foot of -coof pebducve.td®herohigh end of
squar e f ocoots,t waosi na i n Climate Zone 3 where co
than the rest of the state. The estimated inc
per square foot of roof. This is based on an

sol artae¢éeproduct obtained from the Statewid:
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normali zed to the regions where this measure
8 and 9. This covers material costs only; the
measur e.

Folrws|l opeomadbf s the costs ariec hraogpefdromuan ;aeph dlel
up r onoofdiofri edr ot ument hTai saposheéeype i s used
cost purposezs0bAskrdeeodormi ahGe papdtpetr ceynttalof t o
resi deretrt 0 @fl iolwvy o plemdanwdhs represented by asphalti
i n 2n0alt8i o wWreedoni a .Gr PO D01EPDM membrane ty

generally more expensi ve tnrhoani nacsrpehnae ntt; a lh ocwoesvte
me mbr ane cool roof as most of the products av
solar reflectance cool. Estimated costs were

including recent (rTERaebléthite 2HMN Bl NoOiNg esi denti a
CASE Rddratt ewi de CASE d@ewdomod0 Ihlgb)contractor du
stakeholder interviews. Costs ranged from $0.
estimat eedntianlcrceoost used in this analysis is &
i's the esti mateoprogi dedt bw ebtaosre df ocra pa ns haesepth aplr
This covers material costs; there i Bomo incre
projects installing single ply roofing produc
| owezeno.

Tab3®Bummari zes the total acnods tl iofsser muHbH e | & iamg Il &
prototypes sfteslpb@mmidl osvhe g | roof measures and
assumptions for roofstassl@o. peRibtodt mpesa iforb aed
pitch roof .

TabB8@First Costf ®Gumhaaoly Roof s

St e-e St e-e Low St e-e
Sl op Sl op Sl op Sl op
SingMul tif SingMul tif

Fami (buil Fami (buil
l ncrement al cos
o f foof ar e a $0. 1 $0. 1 $0. 5 $0. 5
Square foot of 1 1,8 4,1 1,6 3, 4
Totlancr e mentCalstF $34 $79 $87 $1, 8

2.4.3.2 Roof Insulation at Low-Sloped Roof Replacement

|l ncrement al costs for this measure reflect th
on an e xoisd toiprogbf wi th and without above roof d
estimates were obtained from online product r
The estimated increment al cost used in this a
Material costs of $2.12 per square foot of ro
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|l abor cost of $1.29 per square footded by of i
roofing contractors for i nst alslteteilpomw ®aff sabove
The sdle@pabor costs were roughly doubled to b
$1.29 figure.

Tabd@Bummari zes the total costrifser muhaea i diamgll g
prototypésswfopeoiei nsul ati on measure and the
area.

Tab4@First Cost SumBhaorpy®dfodr | nsul ati on
Single Mul ti family

|l ncremental cost per $3.40¢ $3.406
Squafroreot of roof area 1,665 3,480
Totlancr ementCalstFir st $5,67: $11, 853

2.4l Acrement al Mai ntenance and Replacement Co
|l ncrement al mai ntenance cost iIis the increment

parts of the equipmentpnaansewektfubnseegetooldeepm
operating relative to yemareperpodcbifcasabyser s
value of equipment maintenance c8péscé¢stavings

di scount rate (d), which is consistent with t
2022 TDV. The present value of nm&iemtreriasnce co
calcul ated as foll ows:

0 OA A I EOBAET OAFIADG M ET OAd TAD BA—

p A
2.4.4.1 Cool Roofs at Roof Replacement
Research, based on conversations with stakeho
warranties, shows that asphalt shingles have
Lifetime depends on twheel |i nasst atlhlea tgiroand eq uoafl irtoyo f
this anal ysi an average |ifetime of T2MWe year

present wvalu
i ncrement al
period the r

s of the replacement costs at ye
nstalduwar ec ofsao to.f AtOy HiPe pemad sy i &
of replaced at year 20 has a rem
value of thi roof is calculated and subtract
present valu obsthéornthemenbdke change propo
foot Tabe® or detail s.

e
S
e
i

0
S
e
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Tab4 &St eSlpop€dol

l ncrement al
Val
Val

Present
Present
TotRrlesent

For
i ndi c
Vari o
me mb r
prese
i ncr e
i ncr e
for d

ated t
us sou
ane
nt val
ment al
ment al

Tab42Lovel op€dol

l ncrement al
Val

Present
TotRrlesent

[tolsd oge@d |

romd st ednuseef ul I

Roof Summary oft Repl acement C

St esp o phesdp h a
Shingle Coc

$0.189 / sc
$0.105 / so
(0. O/39squar
$0. 255 / sq

roof submeasure, research and in
H eotsvl tolped bl fi fies odfepaendent on the inst
rces referenced |ifetimes of wup 0
i fe of 15 years i [
replacement costs at
cost of $0.53 square
ptrioiposadde s $0T 8BB4 2per

Fi
ue
ue

Val

Cost

Repl acemen
Remai ng
€bstncr eme

rst

of

of
ue

ni

ues of t he
i nstall ed
c @wdhta nfgeer

t
S
y e
fo
squ

etail s.

Roof Summary of Replacement Cc

Love |l ophModd i f i
Bitumen Coo

$0.525 /| saq
$0.337 /| sqg
$0.862 [/ sq

Fi
ue
Val

Cost
Repl aceme
€bstncr emi

r st
of
ue

2.4.4.2 Roof Insulation at Low-Sloped Roof Replacement

Ther e
me as urnes.u |

ar e n

at.i

ncrement al mai ntenance
has an expected

o i
on

or repl a
usef ul l' i fe of

2. 4CbsBf fecti veness

Thi s measur
to demonstr

The
The
t he

Energy
Stat ewi
met hodo
were includ
costs ov-gea
from el ectr

Design
ver i fi

cost
cati o

e proposes a
ate that t he

prescriptiive requi r eadn
meagyerae percost odf ama

Commi ssion establishes the procedu
de CASE Team col |l abor atoend iwimt t hErt e
|l ogy i n this report is consistent

ed in the analysis. The incrementa
t hpeBDod of analysisrwgereoshcbaded
icity and natural gas savings were

S were not included t he i

n.

nor wer e
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According to the Energy Commi esstopbsedefwveittd
bendfaeioost (B/ C) ratio is greater than 1.0. The
cost benefits realized over 30 years by the t
mai ntenance costs for 30 yedrssinhhge2BR23@ P¥trco
cost savings.

2.4.5.1 Cool Roofs at Roof Replacement

Results a@ahitlee bpert i veness anal ValkedsR Areupghesen
Tab4@Negative values are presentewi timouted pare
par entihnedsiiccat e a B/ C ratio | ess than 1. 0.

For t hd asmingl etriog oprygpresipdcod | rmeds srud saves
money oveyedrhepe3rOi od of amad ¢ maosefr dlheatto M es thot
roof ir@ltiendadreds 8, angl & ffami Isy nbuil dings and
mul ti family I|bosil lodgsiendgnse aslalvees mon ey -yoevaerr ptehrei 03d0
of anal ysias lrededasvee rtooof t haitli isméadoge sc odo, | 6r o
t hrowy,h @nd or si bgi édfamsl and 2, 4, 6 through
multifamily buildings
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Tab428St eSlpop€dol RoeYoefar3OEbOSecCcti veness Summary |
HoméSingle Family Alterations

Benef Cost
Clima TDV Energy Co Tot al I ncr Benetfo
Zone Ot her akPVh C o sPt Cost F
(2023 (2023
1 ($265 $460 (0.58"
2 $279 $460 0.61
3 $86 $460 0.19
4 $475 $460 1.03
5 ($¥9 $460 (0.11)
6 $282 $460 0.61
7 $228 $460 0.49
8 $622 $460 1.35
9 $614 $460 1. 33
10 N/ A N/ A N/ A
11 N/ A N/ A N/ A
12 N/ A N/ A N/ A
13 N/ A N/ A N/ A
14 N/ A N/ A N/ A
15 N/ A N/ A N/ A
16 $37 $460 0.08
a.Benefits: TDV Energy Cost BSeanveifnigtss +H nQtlhuedre PTVD VS aevni enrggs
over the per{BdepnpfyamaEpsi sonment-23d) B¢ bhromisayvyi 2@s6 ar
di scounted atianfkeati 6énpmBnpkrcent r atne.r eOnemdral PV i g&a
cost savings if proposed first cost is |l ess than cur
savings if PV of proposed maintenance costs is | ess
b.Costs: Tot al I ncr eme ntCeols tPsr a snecnl tu d\ea li lnecd eQroesntt sa:l equi |
and maintenance costs over the period of -analysi s. C
adjusted) 3 percent rate and id ¢PrVe atferprtolpars eRIV mafi na
mai ntenance costs. I f increment al mai ntenance cost i
there are no total i ncrement al PV costs, the B/ C rat
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Tab4 St eSpopkadol oReBddar -Ebsectiveness Summary |

Dwel I i nigtoURiide Garden Multifamily
Benef Cost
Cl i ma TDV Energy Co Tot al l ncr Benetfo
Zone Ot her PV?a CosPt Cost F
(2023 (2023
1 (0.)26 (0.26) (0.26
2 1. 23 1. 23 1. 23
3 0. 34 0. 34 0. 34
4 1.93 1.93 1.93
5 0.10 0.10 0.10
6 0.80 0.80 0.80
7 0. 66 0. 66 0. 66
8 2.10 2.10 2.10
9 1.45 1.45 1. 45
10 N/ A N/ A N/ A
11 N/ A N/ A N/ A
12 N/ A N/ A N/ A
13 N/ A N/ A N/ A
14 N/ A N/ A N/ A
15 N/ A N/ A N/ A
16 0. 27 0. 27 0. 27
a.Benefits: TDV Energy Cost BSeanveifnigtss +H nQtlhuedre PTVD VS aevni enrggs
over the per{BdepnpfyamaEpsi sonment-23d) B¢ bhromisayvyi 2@s6 ar
di scounted atianfkeati 6é6npmBnpkrcent rate. Ot her PV sa
cost savings i f proposed first <costaiinst elneasnsc et hcaons tc ur
savings if PV of proposed maintenance costs is | ess
b.Costs: Tot al I ncr eme ntCeols tPsr a snecnl tu d\ea li lnecd eQroesntt sa:l equi |
and maintenance costs over the period of -analysi s. C
adjusted) 3 percent rate and if PV of proposed maint
mai ntenanktft comstement al mai ntenance cost is negative
there are no total incr-ed@est ar aPVYocost snftimetBenef it
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Tab4®BLovel op€dol RoeYoefar3GED S e cti veneskerSuHomae y
iISingle Family Alterations

Benef Cost
ClimaTDV Energy Co Tot al | ncr Benetfo
Zone Ot her PV?a Co sPt Cost F
(2023 (2023
1 ($4,)842 $1, 435 (3.37)
2 $590 $1, 435 0.41
3 ($4)55 $1, 435 (0. 32)
4 $2,235 $1, 435 1.56
5 ($2,)011 $1, 435 (1. 40)
6 $1, 734 $1, 435 1.21
7 $1, 481 $1, 435 1.03
8 $3,871 $1, 435 2. 70
9 $2,572 $1, 435 1.79
10 $2,935 $1, 435 2. 05
11 $3,094 $1, 435 2.16
12 $2,284 $1, 435 1.509
13 N/ A N/ A N/ A
14 $2, 402 $1, 435 1.67
15 N/ A N/ A N/ A
16 ($2,)578 $1, 435 (1.80)

a.Benefits: TDV Energy Cost SBenepfsts OnhbeéudBVTDB¥VENGgS
savings over the( bpreaerigpw +ofEmwmiarl yrsment-23) Ot dhherami cs 20
savings are discounitiend |a8tp eao argenal r(@rtemi MOalher PV savir

i ncr eme rctoaslt fsiarvsitngs i f proposed first c@®¥%¥t is | ess t
mai ntenance cost savings i f PV of proposed maintenan
mai ntenance costs.

b.Costs: Tot al I ncrement aCo®fPresient!| YVaéuiedc Cemenst al equ
repl acement, and maintenance costs over the period o
(i nfdadfjusdtpeed)cent rate and i f PV ofs pgrroepacseerd tnmaainn tPevn :
current maintenance costs. I f increment al mai nt enanc
benefit. I f there are no total i ncrement al PV cost s,
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Tab4@Lovel op€dol B6yoefar -EbSectiveness Summary P

Dwel I i nigtoURiide Garden Multifamily
Benef Cost
Cl i ma TDV Energy Co Tot al I ncr Benetfo
Zone Ot her PV C o sPt Cost F
(2023 (2023

1 ($905 $375 (2. 41
2 $376 $375 1.00
3 $42 $375 0.11
4 $536 $375 1.43
5 ($1)78 $375 (0. 47
6 $558 $375 1.49
7 $558 $375 1.49
8 $1, 023 $375 2. 73
9 $787 $375 2.10
10 $822 $375 2.19
11 $795 $375 2.12
12 $719 $375 1.92
13 N/ A N/ A N/ A
14 $683 $375 1.82
15 N/ A N/ A N/ A
16 ($3)22 $375 (0. 86

a.Benefits: TDV Energy Cost SBenepfsts OnhbeéudBVTDB¥VENGgS
savings over the( bpreaerigpw +ofEmwmiarl yrsment-23) Ot dhherami cs 20
savings are discounitiend |a8tp eao argenal r(@rtemi MOalher PV savir

i ncr eme rctoaslt fsiarvsitngs i f proposed first c@®¥%¥t is | ess t
mai ntenance cost savings i f PV of proposed maintenan
mai ntenance costs.

b.Costs: Tot al I ncrement aCePrsesarctd uda!l uadr @metng al equi
repl acement, and maintenance costs over the period o
(infdadfjusdtpeed)cent rate and if PV of proposed maint en:
current mai ntfeniamccree ngeorsttasl. nmhai nt enance cost is negat
benefit. I f there are noBetoéeb@dsitaciremesntianhf PVi cest s,

2.4.5.2 Roof Insulation at Low-Sloped Roof Replacement

Results a@ahitlee bpert i veness anal Vaskeds@ breupgphesen
Tab4&® These savings figures are r-Blaattviector a

roof insulationAppengsxth@eseusnead uirrs were eva
a baseline-1di amdb &Rtnhs uR at i on. Additional analy
i AppendR«d Hval ues without parenthesis indicate
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For the siamgl enufl pmiblaynt Y pe tshwbepsapessadaves mon
over tylear3Period of analysis relCat mhcredad t he
2, 4, thndu8h 16.

Tabd4eLowl opBdof | ns3ufraaro-EbEectiveness Summary
HoméSingle Family Alterations

Benef Cost
Cl i ma TDV Energy Co Totlanlcr emer Benetfa
Zone Ot her PVa C o sPt Cost F
(2023 (2023
1 $6, 349 $5, 671 1.12
2 $8, 414 $5,671 1.48
3 $4, 998 $5,671 0. 88
4 $7,659 $5,671 1. 35
5 $3,621 $5,671 0. 64
6 $3,920 $5,671 0.69
7 $2, 938 $5,671 0.52
8 $8, 221 $5, 671 1. 45
9 $7, 368 $5,671 1.30
10 $8, 180 $5,671 1. 44
11 $11,919 $5,671 2.10
12 $10, 171 $5, 671 1.79
13 $12,501 $5,671 2.20
14 $11,9114 $5,671 2.10
15 $13, 066 $5,671 2.30
16 $9, 742 $5, 671 1.72

a.Benefits: TDV Energy Cost S8enpfsts OnhbeudBVTHB¥¥vVvENgS
savings over the( bpreaerigpw +0fEmwmiarl yrsment-23) Oe dhhrami cs 20
savings are discounitiend |a8tp eao argenal r(@rtemi MOalher PV savir
i ncr eme rctoaslt fsiarvsithngs i f proposed first c@®¥%t is | ess |
mai ntenance cost savings efceVtefiprbpesetdthamni RVeahn
mai ntenance cost s.

b.Costs: Tot al I ncrement aCo®Presient!| Yaéuiedc Cemeénstal equ
replacement, and maintenance costs over the period o
(infddf usdtpeed)cent rate and if PV of proposed maint en:
current maintenance costs. I f increment al mai nt enanc
benefit. I f there are no total i ncrement al PV cost s,
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Tab4@Lovel opRdof | ns3u&vratr o-EbSectiveness

Dwel I i nigtoURiide Garden Multifamily
Benef Cost

Cl i ma TDV Energy Co Tot al l ncr
Zone Ot her PV C o sPt
(2023 (2023
1 $1, 648 $1,481
2 $2,097 $1,481
3 $1,123 $1, 481
4 $1, 750 $1, 481
5 $939 $1,481
6 $883 $1,481
7 $581 $1, 481
8 $1, 982 $1, 481
9 $1, 734 $1,481
10 $2,030 $1,481
11 $2, 893 $1, 481
12 $2,515 $1,481
13 $3, 048 $1,481
14 $2,927 $1, 481
15 $3,084 $1, 481
16 $2, 423 $1,481

a.Benefits:

i ncr eme rctoaslt
mai ntenance cost savings

mai ntenance cost s.

b.Costs: Tot al I ncrement aCo®fPresient!| YVaéuiedc Cemenst al
repl acement, and maintenance
(i nfddfjiusdtped) ent

current mai ntenance

fsiarvsitn g s

TDV Energy Cost S8enhpfsts
savings over the( breerigpyw +0fEmwmiarl yrsment-23) O¢c dhherao mi c s
savings are discounitiend | a8tp €0 argend |
if proposed first
efcPVtefi prbpesetihmai RVeaotn

costs
rate and if PV of

Benetfo
Cost F

O© O N O Wk Wwwo o kb N b P
00 OO O Ol NN DB O O Ww oo N Bk

P NP NRRPRRRRPROOORORLR
o
fo')

. 64

ceyt is | ess

over the period
proposed
cost s. I f increment al

Summar y

OhbeéudPVTB&¥viEngs
20
ranemi Malher PV savir

t

equ
o]
mai nt enc:
mai ntenanc

benefit. I f there are no total incremental PV cost s,
2. 5Fi rYsetar St atewide | mpacts
2. 5Sfatewide Energy and Energy Cost Savings

The

constrhuy tmwlint i pl-ynmintg

St at ewi dec adAcSUH aTteeadmatrh es tfaitreswtiodde nseaw i ng s

byawssumptions about
proposesit aoewiids@ihen d olrweicladksi8Bn g opr 90&nt ed i

t he

g dei pgpsr,e svemitced 2me.[Bect i ol
t he per cewd ubgee

i onfp aecxtiesdt ibnyg
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Appendi msAare the Statewide CASE TeamO6s assum
existing bwoulde nigmpd htaed by the proposal (by ¢
typdggaeival ues are presented in red parenthe:c
The -yeastener gy | mpactysearre parnensueanit stahve nfgisr sftr on

t hat were compl etyeedari ne 2e0r2g3y. cTohset 3s0avi ngs repr
cost savings 30yeartaealkwnsiseperiod. The state:

do not take natwurally occurring mar ket adopt.i
Tab4 @hr oulphhd present -ytelae fsitragstewi de energy and
savings by climate zone.
Tab4 @St eSlpop€dol Bobat ewidggrnEcheEner gy Cost | mpa
St at e . 30Yea
Existing Fir F1 rYseta , Pres:
Pea FI rYseta
. Stothkpac Ye & Val u
Cl i El ect Natur a
by PropEl ect . Energy
Zone : . De mar Savir ’
Change i Savir Savi
) Reduct MM her | : .
(singl e& ( GWh ( MW (millio
mul t i f:ami)f PV$
1 N/ A N/ A N/ A N/ A N/ A
2 2,100 0. 03 0.01 (0.00O0 $0. 34
3 N/ A N/ A N/ A N/ A N/ A
4 27,706 1.29 1.16 (0.02 $11. 6¢
5 N/ A N/ A N/ A N/ A N/ A
6 N/ A N/ A N/ A N/ A N/ A
7 N/ A N/ A N/ A N/ A N/ A
8 42,923 2.59 0.97 (0.00 $23. 8!
9 65, 660 3.58 2.49 (0.01 $33. 4¢
10 N/ A N/ A N/ A N/ A N/ A
11 N/ A N/ A N/ A N/ A N/ A
12 N/ A N/ A N/ A N/ A N/ A
13 N/ A N/ A N/ A N/ A N/ A
14 N/ A N/ A N/ A N/ A N/ A
15 N/ A N/ A N/ A N/ A N/ A
16 N/ A N/ A N/ A N/ A N/ A
TOTA 138, 389 7.50 4. 64 (0. 03 $69. 3¢
a. Fisteyear savings from all buil8ings completed statewic

2Q2ZTitl Par#| BGASE ReiRO2RFEAA |42



TabbeLovel op€dol

Bui

Clim !

ZoneCh

(
&

0N O 01~ WDN P

©

10
11
12
13
14
15
16
TOTA

a. Fistyear

Stat e
Exi st
l di ng
mpact e
Propo
ange |
single
mul t i:-

uni)it

N/ A
3,181
N/ A
13,684
N/ A
22,861
16, 397
35, 508
62, 985
15,617
3,669
17,057
N/ A
4, 396
N/ A
N/ A
195, 35

savings

Fi
E

Boaf ewi dearkEdh eEmer gy

FYset &
| ect
Savir

( GWh

N/ A
0. 34
N/ A
3.99
N/ A
5.30
3.50
14. 84
18. 9¢
6.51
1.26
5. 55
N/ A
1. 73
N/ A
N/ A
62.0C

from all

Fi rYseta
Pea
El ect
Demar
Reduct
( MW
N/ A
0. 17
N/ A
3.06
N/ A
3.39
2.59
6. 95
11.70
2. 36
0.55
3.69
N/ A
0.82
N/ A
N/ A
35. 28

buil 8ings

Fi rYseta
Natur a
Savir
(MM her |
N/ A
(0. 03]
N/ A
(0. 20
N/ A
(0. 17
(0. 10
(0. 37
(0. 62
(0. 19
(0. 05
(0. 30
N/ A
(0. 11
N/ A
N/ A
(2.13]

compl et ed

Cost

30Yea
Pr es:
Val u
Ener

Cos
Savir

( mi |
2023 |
N/ A
$1. 21
N/ A
$18.
N/ A
$24.
$15.
$87.
$86.
$26.
$5.
$24. ¢
N/ A
$6. 5
N/ A
N/ A
$297.

N

0 N M~

N

st
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